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Foreword 



This series is dedicated to Electrical 
Progress— to all who have helped and 
those who may in the coming years help 
to bring further under human control 
and service to humanity this mighty 
force of the Create. 

The Electrical Age has opened new 
problems to all connected with modem 
industry, making a thorough working 
knowle^e of the fundamental princi- 
ples of applied electricity necessary. 


The authca*, following the popular appeal for practical 
knowledge, has prepared this progresrive series for the electrical 
worka* and student; for all who are seeking electrical knowledge 
as a life profession; and for those who find that there is a gap in 
their training and knowledge of Electricity. 


Simplicity is the keynote throughout this series. From this 
progressive step-by-step method of instruction and explanation, 
reader can easily gain a thorough knowledge of modem 
oectrical practice in line with the best information and experi- 
ence. 


The author and publishers here gratefully acknowledge the 
hearty and generous help and co-operation of all those who have 
aided in develrqnng this helpful series of Educators. 

The series wiU speak for itself and “those ^ ruj^^q^^ipcL^ 

The^f^ishers. 
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Finder 



IMPORTANT 

To qnicklj and easily find information on any snbject, read 
OTer the general chapter headings as shown in the large type-' 
this brings the reader’s attention to the general classiflcation of 
information in this book. 

Each chapter is progressive, so that if the reader will use the 
outline following each general chapter heading, he will readily 
come to the information desired and the page on which to 
And it. 

Get the habit of using this Index — it will quickly reveal a 
vast mine of valuable information. 

'*An hour with a hook would have brought to your mind. 

The secret that took the whole year to find; 

The facts that you teamed at enormous expense. 

Were all on a library shelf to commence^” 




Reader^ Information Finder. Vol. Ill 


FINDER 


37 Galvanometers 

Galvanoacope, 900. 

Use of galvanometers, 901. 
Sensitivity, 902. 

Short coil, 905. 

Long coil, 905. 

Classihcatum, 906. 

Astatic galvanometer, 907. 

V Astatic needles, 908. 

Single coil astatic needles. 909. 
IDoubie coil astatic needles, 910. 
Tangent galvanometer, 911. 

Tangent law, 916. 

Sine galvanometer, 916. 

Damping effect, 9^. 

Ext. critical damping remstanoe, 924. 
Period requiretnenis. 925. 

Differential galvanometer, 926. 
Ballistic galvanometer, 9^. 

Kick. 929. 

Shunted ballistic galvanometer, 929. 
Sensitivity requirements, 932. 
Galvanometer shunts, 9^. 

Damping, 935. 

Use of minors, 936. 

D’Arsonval galvanometer, 939. 

Dead beat, 941. 

Galvanometer '^constant,'* 943. 
Sensitivity, 946. 


Pages 
899 to 950 



Readers' Iniormation Finder. Voh 111 


38 D. C. Iniilcatlng Instruments 951 to 1^ 

Claaeiiication, 951. 

Moving iron type. 953. 

Moving coil type, 955. 

Diderence between anuneten and volt meteri* 9S7» 

Classes of ammeter, 958. 

Shunt anuneter, 959, 

Volt meter connections, 960. 

Calibration, 962. 

Solenoid ammeter. 962. 

Inclined coil instrument, 964. 

Hot wire instnin^ents, 965. 

Electrostatic volt meter, 968, 

Astatic instruments, 970. 

Multipliers, 972. 

Electro-dynamometer, 973. 

Watt hour meters, 978. 

Meter testing, 994. 

Reading a meter, 1,000. 

38 A Direct Current Relasn 1,004 

39 Testing and Testing Apparatus. .1,005 to 1,118 

Pressure measurement, 1,005. 

International volt, 1,007. 

Current measurement, 1,009. 

Voltameter, 1,010. 

Ohm's law, 1,012. 

International ohm, 1,013. 

Practical resistance standards, 1,014. 

Resistance measurement, 1,015. 

Direct deflection method, 1,016. 

Substitution method. 1,017. 

Fall of potential method. 1,019, 1,048. 

Dilfeuntial galv. method, 1,021. 

Drop method, 1,024. 

Volt meter method. 1.026. 

Wheatstone bridge method, 1,028. 

Decade plan, 1,037, 

Testing sets. 1,041. 

Direct deflection method, 1,045. 

Checking a volt meter. 1,049. 

Internal resistance measurement, 1,0B0« 

Ammeter test, 1,051. 

Murray loop, 1,053. 

Varleyloop. 1,054< 

Special loop, 1,056. 

Loop testing, 1,060. 

Location of opens. 1,066. 1,069. 

Telegraph and cable testa, 1,069. 

Potentiometer, 1,074. 

Slide wire bridge, 1,086. 

Insulation resist, measunment, 1,100. 

*^Megger ' testing set, 1.112. 



Readers* Intormation Finder, Vd. Ill 


49 Stonife Batteries 1419 to 1438 

History. 1.119. 

Storage battery theory. 1«121. 

Storage cell. 1.122. 

Classification. 1,124. 

Plante type. 1.126. 

Faure type. 1.128. 

Electrolyte, 1,130. 

Filling cells. 1,134. 

Density of electrolyte. 1,135. 

Cell voltage, 1,136. 

41 Storage Battery Systems 1,139 to 1478 

Uses. 1,139. 

Floating battery on line, 1,144. 

Circuit control apparatus, 1,145. 

Connections, 1,146. 

Discriminating cut out. 1,147, 

Three wire system with bat., 1,147. 

Methods of control. 1,147. 

Variable resisUnoe. 1,148. 

End cell switches, 1,149. 

Reverse pressure cells, 1,154. 

Boosters. 1.155. 

Series boosteis, 1,157. 

Shunt boosters, 1,159. 

Compound boosters, 1,162. 

DifTcrential boosters. 1,165. 

Constant current boosters. 1,166. 

Sep. excited boosters. 1,168. 

42 Storage Battery Management. . . .1,171 to 1482 

Battery room, 1,171. 

Workmen, 1,171. 

Care and management, 1,173. 

Verdigris, 1,176. 

Assembly of cells, 1,177. 

Connections. 1,178. 

Care of batteries, 1,180. 

43 Storage Battery Troubles 1,183 to 1488 

Short circuits, 1,183. 

Trouble chart. 1,186, 1,188. 

Leaky Jars, 1,187. 

Worn out plates, 1,190. 

Buckling, 1,191. 

Sulphatkm. 1,191. 

Lade of capadty, 1,193. 

Trouble symptoms, 1,195. 

Charging wid discharj^, 1498. 



Reaidrs^ IniormHoti Finder. Fo/. Ill 


44 Batteiy Charging 

Charging, 1,209. 

Dynamo connections, 1,210. 

Cdl connections. 1,211. 

Charging, first time, 1,212. 

Charging rales, 1,216. 

Frequency of charging, 1,21S. 
C^mium test, 1,219. 

Charge indications, 1,222. 

Boiling, 1,227. 

Quick charging, 1,228. 

Night charging, 1,230. 

Trickle method, 1,235. 

Lamp calculations, 1,239. 

Charging new battery, 1,240. 

High charging rate, 1,242. 

Capacity, 1,^5. 

Discharging, 1,246. 

4$ Storage Battery Repairs 

Tools, 1,251. 

Glossary, 1,253. 

Inspecting new battery, 1,260. 
Preparing for service, 1,261. 
Preparing the electrolyte, 1,268. 
Battery repairs, 1,264. 

Tests, 1,281. 

Specific gravity, 1,269. 

Specific gravity tropical countfiea, 1, 
Installing new bat., 1.287. 

Battery storage, 1,288. 

Testing in car. 1,293. 

Testing out of car, 1,300. 

Battery troubles, 1,301. 

Lead burning, 1..306. 

Disconnecting cells, 1,311. 

Putting bats, in oommiision, 1,314. 






4$ Radio BatbrlM 


umioija 




Galvanometers 899 


CHAPTER 37 

Galvanometers 

If a compass needle be allowed to come to rest in its natural 
position, and a current of electricity be passed through a wire 



PzQ. 1,274. — Buimdl simple detector galvanometer. It has middle damps and scale divided 
into degrees. 


just over it from north to south, the north seeking end of the 
needle will be deflected toward the east. 

If the wire be placed under the needle and the current con- 
tinued from north to south the needle will be deflected toward 
the west. 

Again, if the current be pasted from north to south over the needle, and 
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b arv torn south to north under the needle, as shown in fig. 1.276, the mag< 
netic effect will be doubled, and the needle deflected proportionatdjr. 
Upon these phenomena depend the working of galvanometers. 

Ques. Describe a simple galvanometer. 

Ans. It consists essentially of a magnetic needle suspended 
within a coil of wire, and free to swing over the face of a grad- 
uated dial. 



Flo, 1»275.— Effect of a neighboring cunent uptm a magnetic needle. Above the needle and 
parallel to it is a conductor canying an electric current, the current flowing in the direetkm 
indicated by the arrow. This causes the north pole of the needle to turn toward the east. 
If the conductor be held behw the needle, its north pole will turn in the opposite direction or 
toward t.ie w st. Tiiese movements are easily determined by Ampere’s rule as follows: //a 
man could swim in the conductor with the current, and turn (oface the needle, then the neatk polo 
of the needle will be deflected toward his left hand. 


Ques. What is a galvanoscope and bow does it differ from 
a galvanometm? 

Ans. A galvanoscope, as shown in fig. 1 ,276, serves merely to 
indicate the presence of an electric current without measuring 
its strength.. A galvanometer is an indicator of currents, in 
which the movement of the needle shows the direction of the 
current, and indicates whether it is a strong <x a weak one. 

When the value of the readings has been determined by ezperiinent or 
c^cuktion any galyanoscope becomes a gahrunoieter. 
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Ques. Fw use we gulTauometers em^oyed? 

Ans. They are used for detecting the presence of an elec- 
tric current, and for determining its direction and strength. 

Ques. How is the direction and strength of the cntrwit 
indicated? 

Ans. When a galvanometer is connected in a circuit, the 



Fio. 1*276. — ^Effect upon a magnetic needle oC a neighboring current in a loop. In this arrange* 
ment the aatne conductor is simply earned tack beneath the needle an J hence both the upper 
and lower portions tend to turn it in the same direction* while ttie si !e branch or vertel 
lection is InefTective. In acco«-dance with Ampere's swimming rule* the upper wire eausas 
the N pole of the needle to turn to the left* while if a man imagine himself swimming in the 
tower wire in the direction of the current, and facing the needle (that is, swimming dp his 
back), the K pole of the needle will turn to his left-'that is to the east* The eflfect of the 
loop then has double the effect of the single wire in fig. 14^75. 


directum of the current is indicated by the side toward whidi 
the nmth pole of the needle moves, and the current strength 
by the extent of the needle’s deflection. 

Qoes. How should a galvaiioB^ be set op hpfore iMtiq;? 
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Ans. When no current is flowing, the coil should be parallel 
to the magnetic needle when at rest. 

Qaes. What is a “sensitiTe’* galvanometer? 

Ans. One which requires a very small current or pressure 
to produce a stated deflection. 

It does not follow that a galvanometer which is sensitive for current 
measurement will also be sensitive for pressure measurement. 



Flo. 1^77.— Effect upon a magnetic needle of a neighboring current in a coil. The coil at 
Bhown. is equivalent to several loops, that is. the force tending to deflect the needle u equal 
to that of a single loop multiplied by the number of turns. Hence, by u$ing a coil with a 
large number of turns, a galvanometer may be made very sensitive so that ^e needle will 
be perceptibly deflected by very feeble currents. An instrument, as shown in the figure 
is called a iahmtoscope. When it is accurately constructed, and supplied with a tcale dhow- 
ing how many degrees the needle is deflected it is then called a galvanometer* 


Ques. Define the term ’‘sensitivity.” 

Am. With reference to mirror reflecting galvanometers it 
may be defined in three ways. First, in mgokm, the senst- 
tivity being the number of megohms through which one volt will 
ijroduce a deflection of one millimeter with the scale at distance 
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of one meter. Second, in micro-voUs, the sensitivity being 
the number of micro-volts whidi applied directly to the ter- 
minals of the galvanomet^ will i»oduce a deflection of one 
millimeter with thescalecme meter horn mirror. The sensitivity 
is best stated in megdims for high resistance galvanmneters 
and in micro-volts for low resistance galvanometers, and is 
frequently given both for galvanometers for intermediate re- 
sistance. Third, in micro-amperes, the sensitivity being the 



Fko. l,278.'-*>Kiiott galvanosoope. It has three sejiarate circuits, 1, 25 and 100 turns with 
binding post for each circuit. 



1,279 ‘-^Bibguet upright galvanometer with glass shade. 

Fie. l,280.^BuniieU horjsontal galvanometer. It has two coils, one of which is of i 
ance and one of fifty ohms resistance adapting it to a '’ariety of tests. 
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number of micro-amperes that will give one millimeter defleo* 
tkm with scale at a distance of one meter. 

Ques. Upon what does the sensitiTity d^iend? 

Ans. 1, Upon the number of times the current drculates 
around the coil, 2, the distance of the needle from the 3i 
the weight of the needle, 4, the current strength, and 5, the 
amount of friction produced by its movement. 



Vto. l«2S\.-^Buzinell galvanometer for xneasurenient of instruments, Hoes, batteries, wirsi 
etc., from to 10.000 ohms or more. 


NOTE.— The definition of voltage eeneltivUy given on page 946 is the one reoommeiidsd 
hf the l/.S. Bureau of Standards, Some foreign makers, however, specify the sensitivity 
terms of the voltage impressed directly across the u^rminals of the galvanometer without ttitt 
^tical c'amping resistan''-" m senes. The latter sensitivity may be several tinoea the former* 
This fact should be borne in mind when selecting a galvanometer. 

NOTE . — Strong current a must not be passed through very sensitive galvanometem, ftf 
even if they be not ruined , the deflection i of the needle will be loo large to give accurate 
urements. In such cases the galvanometer is used with a i^unt, or coil of wire arrangltt tm 
that the greater part of the current will flow through it, and only a •wtatt porUoik thcotiii^h'mw 
Ifalvanometer. ~ 
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needle it ntually quite small, and often a ocmpound one. In yes|r 
seo^ve galvanometera, the coils are wound with of tuna m 

very fine wire, and shunts are generally used in connection with them. 

Ones. Wlut two kinds of coU are nsed? 

Ans. The short cml and the long cdl. 

Ones. What is the diffo'race between a short coil and a 
long coil galvanometo'? 



Fio. 1«282.— Knotc lecture table galvanmneter. Adapted few in ciiiiple led k table* 
aneatas where high •enaibUity it not eaientiid* The icale it large and open* 


Ans. A short coil galvanometer has a coil consisting of a 
few turns of heavy wire; a long coil galvancnneter is wound 
with a laige numb^ of toms of fine wire. 

Qnes. What is the action of short and Imig eoU gaina- 
emeten? 

Ana. With a ^ven current, the total magnetiang feroa 
which deflects the needle is the same, but with a shiort coil, b 
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is produced by a large current circulating around a few turns, 
instead of a small current circulating around thousands of 
turns as in the long coil. 

The short coil being of low resistance is used to measure the current, 
and the long coil of high resistance, is suitable for measuring the pres- 
sure. Hence, a short coil instnunent with its scale directly graduate in 
amperes is an ammeter, and the long coil type with graduation in volts is 
di volt meter. 

Classes of Galvanometer.— There are numerous kinds of 



Pko. 1,283.— Knott standard tangent galvanometer with Thompeon adjustable control magnet. 
The suspension system consistsof a needle 15 mm. long, suspended by fiber and provided with 
a oonvenient lift. The needle is protected by a bra provided with engine divided dial, the 
windings are proportioned to meet the conditions of the greatest variety of esperitnentsi 3 
turns coarse wire, posts 1 and 2. wound clockwise; 12 turns coarse wire, postt2i^3, wound 
counter-clockwise, giving between posts 1 and 3, nine tuma of coarse wire wound counter- 
dockwise; 320 turns fine wire, posts 3 and 4, wound dodcwiae, esneciaUy dealgnad for determ- 
infiig the constant of a tangent galvanometer. 


Galvanometers 


907 


galvanometer designed to meet the varied requiiem^its. Ac- 
cording to construction, galvaxiometers may be divided into 
two classes, as those having: 

1. Movable magnet and stationary coil; 

2. Stationary magnet and movable coil. 

Either type may be constructed with short or long coil, and 
there are several ways in which the deflections are indicated. 
The principal forms of galvanometer are as follows: 

1. Astatic; 

2. Tangent; 

3. Sine; 

4. Differential; 

5. Ballistic; 

6. D’Arsonval. 

Astatic Galvanometa*. — It has been pointed out how a 
compass needle is affected when a wire carrying a current is 
held over or imder it, the needle being turned in one direction 
in the first instance, and in the opposite direction for the sec- 
(md position of the wire. 

The earth’s magnetism naturally holds the compass needle 
north and south. The magnetic field encircling the wire, being 
at right angles to the needle (when the wire itself is parallel 
therewith), operates to turn it from its normal position, north 
and south, so as to set it partially east and west. However, on 
account of the fact that the earth’s magnetism does exert some 
force tending to hold the needle north and south, it is evident 
that no matter how strong the current, the latter can nev^ 
succeed in ttuning the needle entirely east and west. 'The ac- 
complishment of this is further prevented by the reascm of the 
pcwts of the needle, where the magnetic ^ect is gr^test. 
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quickly passing out of the reach of the magnetic field, utoe 
it is now practically operated only in a slight degree. Thus 
it would take quite a powerful current to hold tte needle tfe- 
fiected any appreciable distance. The use of a shorter needle 
is, therefore, more desirable. 

It is evident in this style of instrument that the effect of the current 
cannot be accurately measured, because it acts in opposition to the earth's 
magnetism, and as this is constantly varying, some method must be em* 
ployed which will either destroy the earth’s magnetism or else neutralize it 



fto. 1,284. — Astatic needles. Two magnetic needles of equal moment are mounted in oppoii 
to on a light support. The whole gystem is suspmided by a delicate fibre, and when pbnad 
in a uniform magnetic field euch as that of the earth, there will be no tendency to assuino 
any filed direction, the only leaUaining influence on the needka being that dua to tofiiixi 
in the suspenaion fibre. 


In the astatic galvanometer, the earth's magnetism is neutralized by 
means of astatic needles. These consist of a combination of two magnetic 
needles of ^ual size and strength, c<mnected rigidly together with their 
poles pointing in opposite and paraUel directions, as shown in fig. 1,284. 

As the north pde of the earth attracts the south pole of one of the 
needles, it repels with equal strength the north pole of the otto needle, 
hence, the combination is iiKlependent of the earth’d magnetiiifn and wiB 
remain at rest in any position. 

If one of the ne^es be surrounded by a coil, as shown in fig. 1,288 the 
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magnetic effect of the current wiU be correctly itulicated by the deftectioii 
of the'needle. 

Sometimes each needle is surrounded by a coil, as in fig. 1,286, thecoib 
being so connected that the direction of current in each will tend to deflect 
the needles in the same direction. 

Ques. For what use is the astatic galvanometer adapted? 

Ans, For the detection of small currents. 

It 18 used in the “nil" or zero methods, in which the current between 
the points to which the galvanometer is connected is reduced to zero. 

Ques. Upon what does the movement of the needlea 
depend? 



Iho. 1.285.--Coiin9Ctiona of single cx>il astatic needles. The coil surrounds the kmet 

and the dtrectioo of the current between the two needles tends to turn them the 

Ans. Upon the combined effect of the magnetic attraction 
of the current which tends to deflect the needles, and the 
torsicoi in the suspension fibre which tends to keep the needle 
at the aero position. 

Qoes. Does the astatic galranometer gire correct read* 
lags for dUferent ralnes of the enrreot? 

Ans. When the deflections are maU tfioA is, less than 10** 
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or 15“), they are very nearly proportional to tl» sbei^ih of 
the currents that produce them. 

Thus, if a current produce a deflection of it is known to be approxi- 
mately three times as strong as a current which only turns the needle 
through 2®. But this approximate proportion ceases to be true if the de- 
flection be more than 15® or 20®. 

Ques. Why does the mstrumeiit not give accurate read* 
ings for large deflections? 



Fto. 1,286.— Omrvections of double coU astatic needlea. With this arrangement, the direcdoa 
of current in both coils will tend to turn the system in the same direction, the 

more sensitive than with a single coil as in fig. 1,285. 


Ans. The needles are not so advantageously acted upon by 
the current, since the poles are no longd: within the coils, but 
lavtrude at the side. Moreover, the needles being oblique to 
the force acting on them, only part of the force is turning them 
agai^ the directive force of the fibre; the other part is uselessly 
pulhng or pushmg them along their length. 

Ones. How may correct readings be obtained? 
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Alts. The instrumesit may be calibrated, that is, it may be 
ascertained by special measurements, (h* by comparison \rith 
a standard instrument, what are the amounts of deflection cor- 
respcmding to particukr current strengths? 


Thus, if it be once known that a deflection of 32^ on a particular gal- 
vanometer is produced by a current of ro of an ampere, then a current 
of that strength will always produce on that instrument the same deflec- 



Fra. 1,287. — Queen reflecting astatic galvanometer, it » mounted on a mahogany base with 
leveling icrews. A plain mirror is attached above the upper needle. The entire combina- 
tion of mirror and needles is susp^ed by unspun silk from the interior of a brass tuba, 
which also carries a weak controlling magnet. A dial 4 inches in diameter and graduated 
in degrees, enables the deflections oT the needle to be accurately read. The mirror can be 
uaed with a reading telescope and scale, or by means of a lantern, the image of a dlt may 
be reflected from the mirror to a screen. Resistance, .5 to 1 ,000 ohms. 

Fki. 1,288.— Knott laminated magnet lecture toble galvanometer. 30 megohm aeniibiUty. 

tkm, untese from any accident the torsion force or the intensity of the 
magnetic field be altered. 


Hie Tangent Galvanometer .—It is not possible to construe 
t galvamnneter in whidi the angle (as measured in degrees of 
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arc) through which the needle is deflected is imqXMljbQal 
throu^Kmt its whole range to the strei^ of the current. But 
it is possible to construct a very simple galvanometer in whidh 
the Umient of the angle of deflection shall be accurately prtgxx*- 
tksial to the strength of the current. 



Flo. 1.28^.<~Tincent galvanometer. It cone;ef s of a dioit magnetic needle a ue pended Kt the 
center of a coil of large diameter and email croas eectioo. In prmctUm. the tBkmeter of the 
coil is about 17 tiroes the length of the needle. If the inatniinent be so placed that» when 
there is no current in the coil, the suspended magnet lies in the plane of the coil, thet ii* 
if ^ plane of the coil be set in lite magnetic meridian, then tk$ carrsnl paadni thnutk Ite 
toil is firoportionai ,o tht tanisnt of Iht angle by wkkk tha wagnot is difioM from the pfeac 
^ the toilf or aero poeition~-heiice the name: '^tangent galvanometer.** 


A simple form of tangent galvanometer is ^own in fig. 1,289. 
Hw coil of this instrument consists of a single drde of stout 
copper wire from ten to fifteen inches in diameter. At the 
center is delicately suspended a magnetized steel needle not 
ezceeding one indt in length, and usually furnished vidi a 
fight index of aluminum. When the galvanometer is hi nee, 
the idane of the ling must be vertical and in die magnetk 
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meridian. A kmaontal section tlnou^ the middle ctf the in* 
stroment is shown in fig. 1 ,290. For simplicity, the coil is si;^ 




Pia. 1,291 .--Centra] Scientific Co. tangent galvanoineter. A 9 inch braia ring It mounted 
on a mahogany baae which rotates on a tripod provided with levelting tcxewt. The needle 
haa an aluminum pointer and jewelled bearings. The winding conewte of 300 turns of mag- 
net wile so connected to the plugs in front that 20, 40, 80, or 160 turns or any oomhi^tkm 
of the^e numbers may be used. For heavy currents a band of copper is used by oogmect^ 
to Uie extra pair of binding posts in the rear of the mstniment. 


posed to have bat a single turn of wire, the circles surrounding 
the wire representing the magnetic lines of force. By extending 
the lines of force until they reach the needle, it will be seen 
that with a short needle, the deflecting fcHxe acts vti an east 
and west direction when the galvanmneter is placed with its coil 
in the magnetic meridian. 
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li. in fig. 1,292, ab, represent the deflecting force acting on the N mi 
of the needle, the component of this force that acts at a right angle to the 
needle will be 



fto. l,2S2.^DiagrBni of foroea actmg on the needle of a tansent galvanometer 

0 ^ cos X 

m which, x, is the angle of the deflection. 

The controlling force is 

a<f»H 

and when ^e needle is in equilibrium, the component* oe sin is equal 
and opposite to ac, hence 

afr cos sin X 


ton which 


C 08 X 


Htanx 
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Since ab, is proportional to the current, 


tanx 

in which k, is a constant depending upon the instrument. For any other 
current C', 


hence 


ikC'*Htanx' 
C:C'«tanx : tan x' 



E^a. 1.293.-- Btumell tangent galvanonieter. This instrument is mounted on « ciretilar hard 
rubber base. 7^i inches diameter, provided with leveling screws and anchoring pt^ts. 
The galvanometer consists of a magnetised needle H inch in length, suspended at the center 
of a rubber ring six inches in diameter, containing the coils. There are five coils of 0. 1. 10. 
50 and 150 duns resistance. The first is a stout co]^ band of inappreciable resiaUnoe; the 
others are of different sued copper wires, carefully insulated. Five terminals are proviM» 
mazteed. respectively. 0. 1. 10. 50 and ISO. The ends of the coils are so arranged that the 
plug inserted at the terminal marked 50, puts in circuit all the coils; marked at the terminal 
50-^ except the 150 ohm coil; and so on, till at the sero terminal only the copper bahd is 
in circuit. Fixed to the needle, which is balanced on jewel and pivot, is an aluminum pointer 
at right angles, extending across a five indi dial immediately beneath. One side of the dUl 
is divided into degrees; on the other side, the graduations oomespond to the tangunt Of the 
•iiglef of defierth^ 
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This means that the currents passii^ through the coil of a tangent 
gidvanonieter are proportional, not to the angle of deflection, but to the 
tangent that angle. 

Qnes^ Upon wbat does ttie sensitivity of a tangent fal* 
nmometer depend? 

Ans. It is directly proportional to the number of turns of 
the coil and inversely proportional to the diameter of the coil. 


H 


i 

. i 

1 i 


i 

H 

1? ^ 





Si 

H ^ 





■I 










m 


1 



Sto. 14®4. — Diagram iHi'strating the tangent la"*. Thia is the law of Uie co^abined mcuod of 
two magnetic fields upon a magnetic needle. If two magnetic fielda te at right anglea in 
abaction as indicated in the fi^re, the reaultuit field is obtained by the paralietogran of 
foroes and it makes an angle ^.withonenf the oompooent fieida such that tan 0 - M -f H, 
where M, and h. are the strengths of the oomponent fields. In the tangent gidvanooieter 
^ principle is employed in the measurement of currents. A magnetic msedle is pivoted 
m a field of known strength. The current to be me asur ed is passed round a coil (or coUi) 
w^h generates a fcld at nght angles to the original field. The needle then lies along the 
direc^ of the resultant held, and by finding the tangent of its angle of deflection, and 
ftnming the field strength produced by unit current in the coil, the cumnt atiengtb can 
be found. 

Ones. How may the tangent galvanometa be used aa an 
ammeter? 

Ans. The strength of the current may be in am" 

j^es by the formula given on the next page when, the dimmih 
skins of the instrument are known. 

Tte Medle i, supposed to be subject to oidy the earth's magneto 

hixi to niov8 in a honzontal plane. The currmt is as fotldiwsi 
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Hvf 

amperea- — —-tan*. .(!> 

Jnwhich ^ 

H^'constant from table on the next page; 

/» radius of coil; 

M «mimber of turns of cdl; 

* »angle of deflection of needle. 

The constant H, given in the following table rei^resents the horbontal 
force of the earth's magnecism for the place where the galvanomefor is 

used. Each value has been multiplied by sc that the formula (1) 


for amperes is correct as given. 



FM, 1,295.— MeetUttiical eiplanatUm of the tamest law. Construct an apparatus as shosm 
in the figure. The short wooden block, NS, represents the magnetic needle. This pieo0 nf 
wood turns around its center C, which may bs an ordinary nail. It will now be seen that 
two different forces act upon N; namely, the weight G, (one or two ounces), and the changes 
able weightt which are placed in the scoop, W. (made of cardboard) . The height of the rolt, 
or wheel, R, is such that the cord, RN, runs horisontally, when NS, Stands vertically, 
when there is no a^ght in the little scoop. If the whed, R, be placed sufficient far frtim 
NS, the string RN wtU always remain almost horiaontal, even if NS, be deviated. The 
pointer on NS, moves over a horiaontrl ecale, which it dividec into equal paru, aa shown. 
This scale may be made of cardboard. If the hand point to diviskm 1, when one ounoe is 
Filaoedinthe scoop, it will point to 2, for two ounces, to 3, for threeounces, etc. At 45* the 
needle is deviated at its greatest angle, and this it, therefore, the sensitivity angle of the 
tangent galvanometer. The deviating values ere. themfiire. proportkuiate totfaeacfeledtvi* 
skmsOl.OS, and 09, and so cm and, inaitnuch as these thenidvea are tengenta, the i 
law will held good. 
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Tabh of Galvanometer Conetante^^Valuee of SL 


Boston 699 

Chicago 759 

Denver 919 

Jacksonville 1.094 

London 745 

Minneapolis 681 

New York 744 


New Havffli , . 

.... .731 

Philadelphia 

. . . . ,783 

Portland, Me. 

.... .674 

San Francisco 

. . . 1.021 

St. Louis 

. . . . J71 

Washington . 

810 


Ques. How is the tangent galvanometer constructed to 
give direct readings? 

Ans, To obviate reference to a table, the circular scale of 



Fio. 1,296.— Graduation of tangent galvanometer scale ^ith di^dskma repfeaenttng tangent 
values. In the figure let a tangent OT, be drawn to the circle, and along t^ Um tot any 
number of equal divisions be set off, beginning at O. From these points draw lines bade to 
the center. The arcle will thus be divided into a number of spaces, of which those near O. 
are nearly equal, but which get smaller and smaller as they recede from O. These unequal 
spaces correspond to equal increments of the tangent. If the scale were divided thua. the 
Icings would be proportional to the tangents. 


the instrument is sometimes graduated into tangent values, as 
in fig, 1,296, instead of being divided into equal degrees. 

Qnes. What is the objection to the sodte with tanfent 
values? 

Ans. It is more difficult to divide an arc into taw giwiii; linen 
with accuracy than into equal degrees. 
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Qaes. What dindrantage has the tangent galyanometer? 

Ans. The coil b»ng mud\ larger than the needle, and hence 
Car away from it reduces the sensitiveness of the instrument. 


The Sine Galvanometer.— This type of instrument has a 
vertical coQ which may be rotated around a vertical axis, so 



Fto. l,297.->^>ntral Scientific Co. univeraAl tangent galvanometer. This instrument nuqr bo 
used ai a tangent, Gaugain, HelmholU-Caugain, sine, cosine, 'Wiedemann or detector 
galvanometer. The coils, which slide on a beam parallel to the one carrying the needle bos* 
are wound on brass rings 12 inches in diameter. On each ring are wound two coils of 48 
turns each, connected to separate binding posts, and douMe wound so as to be of equal 
resistance. The coils and needle box are each provided with an indicator for reading their pod- 
tiott on the scale. The needle box is swiveled and removable and one ooU may be rotated 
about its vertical axis and its poaition read on a disc graduated in degrees. Cuirenta may 
be measured ranging from .000002 ampere to 100 amperes. 


that it can be made to follow the magnetic needle in its de^ 
flections. 

In the sine galvanometer, the coil is moved so as to follow the needle 
until it is parcel with the coil. Under these circumstances, the strength 
of the deflating current is proportional to sine of aniie of d^ectton. 
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Ones. Describe the ctmstraction of a sine galfanomrter. 

Ans. A foim of sine galvanometer is shown in fig. 1,298. The 
vertical wire coil is seen at M. A needle of any length less than 
the diameter of the coil M, moves over the graduated circle N. 
The coil M, and graduated circle N. may be rotated on a ver- 



1,206. — Sine galvanometer. It diifian from the tangent galvanometer in that the wtkid 
coil and magnetic needle aie mounted upon n atandard free to revolve around n vertical 
axil, with provkiion for determining the angular poaition of the coil. The needle may be 
of any length ahorter than the diameter of the coil. In the fig*ire the parta are: M, ooiU 
N, giaduated dial of magnetic needle; 11, graiuated dial by which tlie amount of rotation 
neoeawry to bring the needle to aero ia meaaured; E, termini of the coil: O, upri^t atand- 
aid carrying coil and graduated dial of magnetic needle; C, baae with leveling aoewa. 


tical axis, and the amount of angular movement necessary to 
bring the needle to zero, measured on the graduated dicle H. 

Qoes. How is the curreiit strengtli measved? 

Ans. It is pnportional to the sine of the angle measured oo 
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the horizontal circle H, through which it is necessary to turn 
the coil M, from the plane of the earth’s magnetic meridian to 
the plane of the needle when it is not further deflected by the 
current. 

Qaes. How is the sine galranometer operated? 

Ans. In using the instrument, after the needle has been set 
to zero, the current is sent through the coil, producing a deflec- 


TABLE OP NATURAL SINES AND TANGENT^ 



ti(m of the needle. The coil is then rotated to follow the motimi 
of the needle, the current being kept ccmstant, the rotation 
being continued imtil the zero on the upper dial again registers 
with the needle. The current then is proportional to the sine 
of the angle throu^ which the coil has b^ turned, as detn> 
mined by the lower dial. 
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Qaes. Has the sine galvanometer a large range? 

Ans. For a given controlling field, it does not admit of a 
very large range of current measurement, since, for large de- 
flection, on rotating the coil the position of instability is soon 
reached. 


Qnes. What is the position of instaUlity? 

Am. The position of the needle beyond which the rotatvm 
of the coil will cause it to turn all the way round. 

Qnes. How may the range be increased? 

Ans. By an adjustable controlling field or a ^unt. 

Qnes. What advantage has the sine galvanometer over 
the tangent instmment? 

Ans. Its advantage is in the case where the relative values 
of two or more currents are required to be measured, or where 
the constant of the instrument is obtained by comparison with 
a standard measuring instrument and not calculated from the 
dimensions of the coil, because all galvanometers thus used 
follow the sine law independently of the shape of the coil, while 
(mly circular coils will follow the sine law. 

Damping Effect. — ^The term “damping effect" means the 
offering of a retarding force to control smnging vibrations, suck 
as the movements of a galvanometer needle, and to bring them 
quickly to rest. 

Frequently the sensitivity is the only characteristic speci- 
fied , but this is only one of three major characteristics. The 
critical damping resistance is an extremely important char- 
acteristic, as it is very difficult to work with a galvanometer 
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that is impnq)er]y damped. If excessively under damped, tlie 
galvanometer system opiates around its position of rest after 
a deflection, and if excessively over damped it will travel to 
its position of rest so slowly that it is very difficult to teU when 
the system has come to rest. A critically damped galvanmneter 
is dead beat; that is, on deflection the system moves to, but 
does not pass, its new position and comes to rest there in the 
minimum time, after which, with the removal of the current, 
the system returns to. but does not pass, its zero position. 



Fio. 1,299.— Queen tangent and tine galvanometer. This instrument properly adjusted can be 
used as a standard instrument for laboratory work. The brass ring is 12 indiea in diam- 
eter, and the grooves in which the wire is wound are carefully turned ao as to be of true 
rectangular cross aection, thus allowing the constant of the instrument to be accurately cal- 
culated and compared with the constant as obtained by other methods. Fhe compass box 
is 5 inches in diameter and is so held in position that it may be raised or lowered, routed 
on its vertical axis, shifted out of the plane of the coil, etc., thus enabling the operator to 
acquire proficiency with the instrument and to meet all cases of derangement possible. The 
dial ia graduated to smgle degrees, and the needle is suspended by a very light cocoon fibre. 
The whole instrument can be turned about ita vertical axis, and a qu^rant graduated in 
degrecB upon the base allows the amount of roUtkm to be accurately measured, and the 
laws of the sine galvanometer investigated. The instrument is wound to measure .25 am- 
pere to 8 amperes. 

Experience has shown that it is most convenient to work with a gal- 
vanometer which is just slightly under damped, and it usually pays to 
sacrifice sensitivity to attain such a condition. 

Very often proper damping may be produced by a shunt or a combina- 
tIoQ of a shunt and series resistance; In specifying a galvanometer, the 
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external critical damping reshtance should be stated. If Um can^ te 
done readS^, a complete description of tiie circuit, external to the gal- 
vanometer, should be given. 

Eztenisl Critical Damping Resistance. — ^By defimtitm, this, 
is <Jte external resistance in the galvanometer circuit necessary to 
produce the critically damped condition. 

The advantage of the critically damped conditimi rests chi^y 



Fm. Knott univcreal lecture taWe galvanometer. It eompriiM ^t * J 

in one: 1, gata^mmater, <me apace deflection means .002 amperes or .002 vw; 
meUr, nnge 25 iniUi volts reading to H volt; 3, miUiamptri nuter, 25 nufliamperia 
reading to H milUainpere: 4, voU mafer, range 0 to 5 volts reading to volt; 6, wU tna/tr, 
Cange 0 to 25 volts reading to H volt; 6, soil fnsfsr, range 0 to 125 volta reading to 2>i volta; 
7,ammai«r, range 0 to 6 amperea reading to ampere; 8, MmaUt. range 0 to 25 ampama 
reading to H ampere. 
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in the fact that it aids in rai^ wwk, dnoe a galvanometer sys- 
tem when critically damp^ returns more promptly to rert 
than when in an underdamped or over d^ped cwidition. 
Another advantage is that when approximately critically 
damped the system is i»evented passing mudi beyond its 




F^o. 1,301. — ^Knott Lampra projection galvanometer, adapted for projection wo»'k. Tljt i 
Chamber is ot the regulation slide holder aixe with glass both sides of the indicator. It k 
arranged to give adequate adjustment for any form of projection lantern* the indicator 
moving over an arbitrary scale. 


positimi of rest upon its return, and therefore the zero or nil 
podtion is rendered more stable. This conduces to more accu- 
rate wm’k when deflections are to be estimated. Practically, 

NOTE. — Period regulremeiito. When the proper sensitivity and external critical damp* 
lug tesktance have been decided *ipon, it usually delves upon the dmigner of the galvanO' 
meter to secure as short a period as k poaiible, since the shorter the period the quicte mny 
suoosiieive ad juatmenta or readings be made. The principal exception to thk atatement arkee 
In the application of galvanometers to ballistic measurements. Here a short period k unds- 
ikakile. In special cases where the period must not exceed a certain vahie, it k better to specify 
the period and the external critical damping reaktanoe, leaving it to the designer to obtain the 
grarat sensitivity poaeibk. 


926 


Galvmometers 


it is best to work with a galvanometer just slightly under- 
damped. 

The Differential Galvanometo’. — ^This is a form of galva- 
nometer in which a magnetic needle is suspended between two 
coils of equal resistance so wound as to tend to deflect the needle 
in opposite directions. 



Flo. 1.CQ2. — ^Diffenaitial galvanooKier. it weuM§ of two ooUi of wire, to woutbd as to )mv» 
opposite magnetic effects on a magnetic needle suspended centrally between them. The 
needle of a differential galvanometer shows no deflection when two equal currents are sent 
through the coils in opposite directions, since, under these conditions, each coil neutralises 
the effect of the other. Sometimes the current is so sent through the two coils, that each 
coil deflects the needle in the same direction. In this case the instrument is no longer dif- 
ferentul m action. If, when this condition obtains, the magnetic needle be suspended at 
the esact center of the line which joins the centers of the ooib. the advantage is gained by 
obtaining a field of more nearly uniform intensity around the needle. When the needle 
is suspended by a silk fitue, a final and most delicate adjustment can be obtained by raismt 
or lowering one of the leveling screws slii^tly, so as to tilt the needle nearer to or farther 
from one of the coils. 


The needle of a differential galvanometer shows no deflection when two 
equal currents are sent through the coils in opposite directions, since 
tmder these conditions, each coil neutralizes the other’s dfects. Such 
instrum^ts may be used in comparing resistances, although the Wheat* 
stone bridge, in most cases, affords a preferable method. 


Qaes. Naiii6 the special use of the differential galyauo*- 
meter. 
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Ans. It is used for ocanpaiing two currents. 

Ones. What is the method of comparii^ eurreiits? 

Ans. If two equal currents be sent in (^)posite directfons 
throus^ the of the galvanometer, the needle will not move; 

if the currents be unequal, the needle will be deflected by the 
stronger of them with an intensity corresponding to the chfter' 
ence of the strength of the two currents. 



Fte. 1,303 and 1,304.— Knott triple laminated high school galvanometer. 30 megohm aen- 
aibiDity. The laminated magnets give greater magnetic strength, enabling heavier ribbon 
aospensionB to be used, thus dwTe^ing the liability of break^. The coil is of the doss 
wound type, and forms part of the suspension system, which can be removed by loosoiiag 
one screw. The aero adjustment and coil lift operate by turning a knurled screw head. 
Deflection readings are made dirsc^y by pointer moving over a 3H in. horiaontal dial gradu- 
ated in degrees. This gslvanometer is specially adapted for the uae of balUaHp edit In 
capacity and adf-induction esperiments. 

QuM. How are the ctdls adjusted? 

Ans. This is done by coupling them in series in sudi a way 
that they tend to turn the needle in tqiposite diiecticais, and 
when a current is nassing through them they are moved nearer 
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to the needle or farther from it until the needle stands at zero 
with any current. 

If the coils be not movable, a turn or more can be unwound from the 
coil giving the greatest magnetic effect until a balance is obtained, the 
wire 80 unwound can then te coiled in the base of the instrument. 

Ballistic Galyanometer. — This type of galvanometer is de> 
agned to measure the strength of momentary currents, such 
for instance, as the discharge of a condenser. In construction 



Pio. 1,305. — Weston xx-table student galvanometer. Resistance appraaimately 25 ohms. 
The current required for a millimeter (one scale division) deflection is 22 micrO'amperes. 
With 1 volt, a deflection of 1 millimeter will be obtained through 45,500 ohms, but as a de- 
flection of .2 of a millimeter can be readily detected, the galvanometer is, in reality, service- 
able through 227,500 ohms. This galvanometer is designed for the use of students in colleges 
and schools, for making bridge measurements, and for the detection of small currents. 


the magnetic system is given considerable weight, and arranged 
to give the least possible damping effect. 

If a momentary current be passed through a ballistic galvanometer, 
the impulse given to the needle does not cause appreciable movement to 
the magnetic system until the current ceases, owing to the inertia of the 
heavy moving parts, the result being a slow swing of the needle. 

Quea. What name is given to the swing of a balfistic gsi> 
vwometer needle? 
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Ass. It is called the kick. 

Qaes. How is the cnrrMit measured? 

Ans. As the needle swings slowly around it adds up, as it 
were, the varying impulses received during the passage of the 
momentary current, and the qtianHty of electricity that has passed 
is proportional to the sine of half the angle of the first swing or kick. 

fii 



Fia. 1 336.— <3ufien dead beat and ballistic reflecting galvanometer. Aa illuatratad, the coils are 
easily removable and enclose a heavy block of copper fixed in a central fork. In a cylin- 
drical hole bored in tu.s bio:k hangs the bell magnet which with its mirror is suspended 
by a long cocoon fibre, and tne eddy currents induced m the copper bring the system qukk^ 
to rest after a deflection. By lifting the copper block out of the frame the instrument m 
made ballistic. The instrument is made with coils of any desired resistance up to 1.000 ohms. 

If a reflecting method be used with a straight scale, the observed de- 
fection depends upon the tangent of twice the angle of movement of the 
needle. For small deflections, however, the change of flux can be taken 
as directly proportional to the observed deflection. 

Shunted Ballistic Galvanometer —It may be shown, that in 
discharging a condenser, for example, through a shunt^ ballis- 
tic galvanometer, the quantity of electricity divides inversely in 
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proportion to the resistance of the two paths, one through the gal* 
vancnneter and the other throu£^ the ^unt. However, the 



Rob. 1,307 and 1,303. — Knott laminaud Tcrtical magnet galvanometer, 70 nngpiim aanib- 
ility. The unit sinpeiuion eyitem shown in fig. 1,308, carries the coil, upper and lower sin- 
pension, sero adjustment and coil lift, all comprising a single unit attach^ to the back base 
plate. A back target fiducial mark is used, with a front opening wide enough for both edges 
to be used in their normal position without errors of parallax. By removing the reading 
device, reflections can be read by telesoc^ reading. SensibiUty is 70 megohm, equal to 
all requirements for laboratory use; res i sta n c e about one ohm per 

NOTE.— sAorf period is undesirable in a galvanometer which is to be used for ballistic 
measurements. Not only does a short period make it difficult to read the merinnim 
or throw, but the throw itmlf may be appreciably in error if the time of discharge through the 
galvanometer be notshcwt incomparismi with the period of the galvanomettf . For thme reasons 
sgalvanometer for ballistic measurements should have a long period. This can te Obtained 
by weighting tte oc^l, but it is more efficient to use a coil of greater width. Of course, when 
a very long period is necess^, the coil can be made wide, and weighted in addition. How- 
measurements requiring a ballistic galvanometer of very long period, it baa foui^ 

more oonmient to employ a modification of the ballistic galvanometer kniwn as the flux- 
m^. The fliaineter is a ballistic galvanometer in which the restoring torque has been re- 
duced to a minimum, and the damping made aa great as poeeible. When measuring flux ^th 

au^ minstniiiient and an auriliary exploring coa, the position of the galvancmieter c^ 

abiM^ immediately, any change in flux through the exploriiig ooU. The fluxmeter is to 
moro convenient to use that it is recommended for all measurements whicdi would ote- 
wise require auch a ballistic galvanometer. It it believed by eome, that a gplvanometer to be 
uwd b^ticaUy th^ be undamped. While it it true that an undamped belUstie galvano- 
m^ ie more eensitiw than a critically dmnped btdUstic gslvanometer, the critically damped 
gplvaiioineter is much mme convenient. Ballistic galvanometers are now availalfle with 
cittidy hi^ eensitivity to make it unaeceaaery to dispense with the dami^. Aotocdio^ 
kt convenience, a ballistic galvanometer is reco mmended far critiewHy dampiwi 
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consequent throw will not be rdated in a amide manner to the 
diunt resistances at the various diunt pdnts because the danq>- 
ing will depend upon the drcuit resistance. 

If, on the other hand, an Ayrton universal shunt be emidoyed when 
measuring condenser disdiarges, the damping constant does not change 
for the various shunt points, since the galvanometer circuit resistance re- 
mains constant for all shunt settings. It suffices, therefore, to determine 
the galvanometer constant for one shunt ratio and follow the shunt mark- 
ings for other positions. 



ww 

SHUNT 



Fto. DiBcram ibowing method of oonnectiiig gelvaiiooieter ihimt. By the ime of a 

ehont the miiffe of meaeurement of e galvaoometer can je greatly inoeaeed. 


In using a shunted ballistic galvanometer on any other than an ei- 
tremely high resistance circuit a shunt cannot be i:u^ unless the galva- 
nometer constant be determined for the shunt point and circuit coitions 
to be afterwards employed. To illustrate, in makii^ measurements of 
magnetic induction, the test or search coil will usually Ittve a low resist- 
ance, resulting in a change in the damping constant when the shunted 
gslvaiuxneter is applied to the search c^ drcuit, and a further change 
aken the shunt switch is moved from one point to another. Even an 
Ayrton shunt may not be used under these drcumstanoes without dk^- 
miniy the galvanometer constant for the particular shunt setting and 
drcuit resistance to be employed in making the induction measuremeota. 
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To avoid error from these causes it is customary always to have in aeries 
with the search coil the secondary of the mutual inductance to be em- 
ployed in determining the galvanometer constant. It is of interest to 
die sensitivity of a ballistic galvanometer in two ways. The total quantity 
of electricity passing through both shimt and galvanometer should be 
considered. 

The other method is to consider the galvanometer throw for a unit 
quantity of electricity passing through the galvanometer coil. This last 



Fici. l^lO.^Aytoa univerBal ibunt. Multiplying powera 1, .1. .01. .001, .0001, 0, and inCn- 
ity. This type of ^unt may be supplied with a total resistance of 3.000, 10.000, ^.000 and 
1^,000 ohms, in tlecUng a shunt the exttfnal critical damping resistance of the gatvandm- 
eter with which the shunt is to be used timid be oonstdere . A shunt should be setocted 
which will enable the use of the galvanometer in approximately critically damped condi- 
tions. Of course the resisunce of the circuit beyond the shunt tiiould be taken into account 
when making the selection. 


NOTE.— 'Sisnsffloffg requir9m9nt$, A getlperMnsitr shtmH hast g nmUftity m^fiiskai 
tg permit reading ta a degree of precision commensurate with the *. eguiremenis of ike work to ho 
umtertaken. It is usually a matter of simple calculation to determine the redtiired sensitivity. 
It is not desirable to employ a galvanometer having a sensitivity far greater than the work 
iemands, because this results in working with a galvanometer which is more difficult to uae. 
Another Objection arises from the fact that the period is probObly longer than neoessary becauae 
of the higher sentitivity , and as a result the time taken for successive adjustmenta or readings 
ie lalatively longer. An additional disadvantage ie that consideralille time le liktiy to be watted 
by making too many triala in attempting to obtain too doae ediustmem. Furthermore* a 
gtivanometer having an unnecessarily high eenaitivity it lUotiy to have a test etalda eero. 

lUrticmlarly nnoe in thia case tbs high aentitivity Ittidim fraater depirtm hw 
theaettlnga. 
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oiethod is useful in showing dewly how the shunt affects the seoritMtjr 
by reason of its damping. 

GalTsaometer Shunts.— The sensitiveness of a galvanometer 
used for measuring current may be reduced to any desired 
extent by connecting a resistance of known value in paralld 
with it. Thus, if it be desired to measure a current greater 
than can be measured directly by the galvanometer, a part 
the curr^t can be sent throt^ the resistance ac shunt, and 
the total value of the current calculated. 



1,311 ^Diagram of a fonn of univenal ahimt bos for uk with galvanuoietari of wUUf 
different reustancee. The galvanometei*', aa indicated at G. is connected acroM the enda 
of a eeriee of nsietancee AB. The main wiree are connected, ooe to end A, of the leiiBa 
and the other to a traveling point whoee poeitton is varied meane of plugi or by a dial 
•witch. 

A galvanmneter shunt bears a definite ratio to the resistance 
of the galvan(»neter, being usually adjusted so that only .1, 
.01, or .001 part of the current passes through the galvancaneter. 

The d^:ree in which a shunt increases the range of deflectioa 
cX a galvanmneter is called its “multiplying power.” 

If .1 of the current flowing, pawed through the galvanameMr add 
through the shunt, then the current in the circuit would be ten thnea dwt 



934 


Galvanometers 


through the galvanometer. Accordingly the current in the galvanometer 
must be multiplied by the multiidying power of the shunt to obtain the 
true value of the current in the circuit. 

In order to determine the resistance necessary to be used 
with a certain galvanometer, the resistance of the latter is to 
be divided by the multiplying power desired, less one. 



Pm. 13l2.-Oueen piojectkm or lecture table galvanometer; used alao by manufactutan as a 
current detector oo work benches to note if circuit winding, coil, etc. be comfilete. The 
galvanometer is a pivot and jewel type D*Arsonval and requires no leveling or adjusting. The 
telescope supper, allows for adjusting the height. The stale is etched in glass. 

B'xample,— What must be the resistance of a shunt for a galvanometei 
of 2»000 ohms resistance where only oi^<fifth of the current is to ; 
through the galvanometer? 
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The anltiplying power lew one is 
S-1-4 

and the requiied lenatanoe is 

2,000-i-4-500ohms. 

Damj^Bf . — ^This rdates to the cheddng or leductum of osdl- 
latioas. Thus, a galvanometer is said to be damped when so 



no. lr313**-Kiiott idf-levdinK D’Anonval salvmonieter, 600 magobm fenibiliqr. 
tspedalhr for advanced laboratory wock. It can be used either as a wall or table inaHuoant 
ii both eelf-oenterinK and self-leveling. The instrument is hung from univeiaal ginibali. so 
that both magnet and coil are always in oonect relation. Resistance 400 ohms. 


constructed that any oscillations of the pmnter whkh may be 
started, rapidly die away. Galvancnneters are frequently pro- 
vided with dami^ devices for the purpose of annulling these 
oscillations, thus causing the movii^ p^ to assume its final 
poatkai as quickly as possible. 
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FaQ. I,314.— Thompion galvamimeter with mirror reflecting tyeiem for reading the deflectkme 
of a galvanometer needle by the movemeiitaof a epot of light reflected from a minor attacbid 
to the needle or movable magnetic syitem. 
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Sometimes the instrumait is fitted with a damping coil, or dosed oofi 
so arranged with respect to the moving system that the osdliaticms of the 
latter give rise to electric currents in the dosed coil, whereby energy is 
disnpated. Again, air vanes are employed, but anything in the nature of 
solid Mcticm cannot be used. 

Use of Mirrors in Gaivuioraeters.— In order that small 
currents may be measured accurately, some means must be 
I»rovided to easily read a small deflection of the needle. Ac- 



PitkS. 1»316 and 1>317 ^alvanomatef lamp and scale for individual use. The acale is etched 
on a ground glas^ strip 6 centimeters wide by 60 centimeters long with long centimeter divi- 
skmi and short millimeter divisions the entire length, reading both ways from aero in the 
center. It is mounted in an adjustable wooden frame. A straight filament lamp (IIQ volts) 
ii enclosed in a metal hood japanned black to cut out all reflected light, l^hts form of fila- 
ment makes a single brilliant line on the scale, enabling closer readings than the *^spot of 
light'* arrangement. The lamp hood is adjustable to any desired hei^t on the support rod. 

cordingly, it is desirable that the pointer be very long so that a 
large number of scale divisions may correspemd to small de- 
flectifHis. In construction, since sensitive g^vanometers must 
be made with the moving parts of little weight, it would not 
do to use a long needle, hence a ray of li|d>t is used instesul, 
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is reflected on a distant scale by a small minxff 
to the flooving part. 

In the Tlxmipson mirror reflecting gahraiMm^, as shown iafis U14 
a miM ^cal elit is cut in the temp screen below the scale, and the nv 

of ]i(j)t from the lamp, passing throat^ the slit, strikes the minor whk^ 

« about three feet distant, and which reflects the beam.hack to the si^ 



Pra. 13X8.'— RMding telescope. This anrangement ia to measofe the of 

a galvaaomet^ having luspended mirmr moving system, it conutata of a reading teieaeope 
niMted as Ulitttnt^ with a millimeter scale, having a l^h ol 60 centimeters. In use, 
ge imy of t^ scale is seen in the galvanometer mirror through the tejescope. The eye 
hM a hair which acu as a reference line ao that hy noting the 
pnticul^iviiio^ ^ when the galvanometer is at rest, the smoont of defiectioo 
can be readily observed when the galvanometer is deBected. The inatniment has all the 
yceai^ ad juiUnwiU to eet it up qufekly and for bringing the croaa hair and aeate in focus. 
It IB generally placed at a dittanoe of one meter from the galwiMnetcr mtamr. 


It should be noted that the angle between the original ray of light and 
^ reflected ray » twice the angle of the deflection of the mirror; the ^ 
flections of the ray of light on the scale, however, are practicaUy propor« 
tional to the strength of currents through the instrument. 

The minor arrangement as shown in fig. 1,314, reninres a daikened room 
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for its operation, but such is not necessary when a telescope is used as 
in fig. 1,315. Here the scale readings are reflected in the mirror and their 
value otperved by the telescope without artificial li{^t. 


D'Arsonval Galvanometca'.— This instrument has a movabte 
coil in place of a needle, and its operation depends upon the 
principle that if a flat coil of wire be suspended with its axis 





Flos. 1.319 and 1,320.— Diagrams showinjr essonlial features of construction and principk* o( 
operation of D'^j^nval galvanometer. 



perpendicular to a strong magnetic held, it will be deflected 
whenever a current of electricity passes through it. 


Qaes. Describe the construction of a D’Arsonval galvan- 
ometer. 

Ans. The essential features are shown in figs. 1 ,319 and 1 ,320. 
Tim coil, which is rectangular in section is wound upon a cop- 
per form, and suspended between a permanent magnet by fine 
I wires to the points A and B. The magnet has its poles at N 
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andS. IthasaaoftumcylinderfixedbetwemtliepcdesincKder 
to intensify the magnetic field across the air gaps in whidt the 
coil moves. 

Qaes. Expiain its operation. 


Ans. An enlarged horizontal cross secticm of the galvan- 
ometeronlineXY,isdioviminfig.l,320. 'Die current is flowing 



Fi;a. l«321.’->Knott6e«i-jevellngwall galvaiK^nustor. 


in the coil as in fig. 1,319, up on the left side and down on the 
right. The position of die coil when no current is flowing is 
indicated by n' s'. By applying the law of mutual attraction 
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between magnetic pdes, it is seen that when the current is 
applied, the poles developed at »' s', will move into the posH 
tkm n" ^ , as shown in fig. 1,320. 


Ques. How is the eoil affected by a change in the direction 
of flie current? 

Ans. The polarity of the coil is reversed and consequently 
the direction of the deflection. 



FKo. 1,332.— Knott radio micrometor heat indicator. U CQntaitu the fundamental parts or 
the D'Arsonval galvanometer, bat with the moving coil replaced by a sensitive thermo- 
electric d>up*e. A candle llame 50 It. distant will cause a marked deflection. The deflect- 
ing horn is mounted on a movable ring, so that the heat can be received from either side 
only. The beat from the body of the observer therefore cannot affect the readings. 

Ques. Upon what does the sensitireneas of the inatm- 
ment depmd? 

Ans. Upon the strength of the field of the permanent mag- 
net, the number of turns in the suspended coil, and the torsion 
ai the wires by udiich it is suspended. 

Ones. When is this galvanometer caUed ‘‘dead beat**? 
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Asa. When the construction is such that tha moving part 
comes quickly to rest without a series of diminishing vibrations. 

Ones. Whet causes tills? 



Pta* 1423.— Queen hifb aeneitivity galvsnoineter. Th$ coll epefem ii oontaiiied in itt caao 
m a eeparate unit, eo that any number of eyitems can be plai^ in the same magnet. Tbs 
damping k attained by the induced ctsrrenu set up in a cloeed copper circuit on the coil 
This current k removable thereby making the system dead beat or ballktic. The deflecUone, 
whether the damping circuit be 00 or off the coil, are proportxmal to the current pamed through 
the ooU. or to the quantity of electricity discharged through when used ballktiiealiy. The 
coil k protected by means of a clamp operated from the back of the cod cam* It k designed 
eo as to prevent too much praiKin being eaarted on the. coil. 
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Arts, The instrument is inade de«l beat by ending the coil 
on a copper aluminum frame, so that when in operation, 
currents are induced in the frame by the motion of the in 
the magnetic field; these currents oppose the motion of the coil. 

Qnes. For what a^pdce is the D’Arsonral galTutometer 
ad^rted? 

Ans. It is desirable for general use as it is not mudi affected 



Ami. If324 and 1,325.— Leedtarid Nortfarup portable galvanometer, pointer type with nnKivable 
ayitm. This type has sufficient sensitivity for Wbeautone bridge work to accurades of 
for potentionieter measurements to .05 millivolt; and for a variety of purpossa for 
wbi^ reflecting instruments might be supposed to be required. System, pointer and 
la contained in removable interchangeable unit. Scale, 15 mm. divisiona either ai^ of a 
central aero, viewed through glasa covered aperture. Zero adjustment provided by screw 
on top suspended system hou^. Pig. 1324 shows galvanometer and fig. 1325 ayatem. 


by changes in the magnetic fidd. It may be made with high 
enough period and sensitivity to be satisfactory as a ballistic 
instrument, but lor extreme sensitivity an instrument of the 
astatic type is mme generally used. 


Galvanometer “Conatenf* ^Tignre of Moit.’*— In order 
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that a galvanometer shall be of vahie as a instrii- 

ment , the relation between the current and the deflet^ pnh 
duced by it must be known. This may be obtamed 
n^ntally by determining the value of the current required to 
moduce one scale divisicm. The galvanometer cons^t thra 
may be as the resisUmce through which the gawanometer 



Flo. 1.326.— Queen wsfl type D’Atwmvnl gilvenometer deeigned tor ^ fa 

mrnti i i rr mrnttf Thc initniiiient f ff" b6 Icveted hy means of the side gimbsl screws 

mew at the bottom. The pole piecee have been ehaped in Ration to the 

»aa to produce proportional deflectione. The ecale h curved eoM to nratete^b^ 

pr^tiStothTangleofdeBection. It ie mounted uptm mi alumin um 

and pinion far aero adjuatment. Tto e<^ » ®" 

dSmenaioOa in Made on one aide and 250 dimenBona in red on the other etde of aero. 


wiU give a deflection one scale division when the current appUed 

is at a pressure of one voU. . 

Accordingly, the deflection as iniflcated on the scale must w 
nniitfpiiofi by its coMtant or figure of merit, in mder to obtain 
the correct reading. If the scale readings be not dheetiy 
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pit^Mrtksial to the qusntity to be mez^tued, the law the 
imbniinent must also be considered. 

Thus in a tangent galvanometer as previously explained 
I-Ktan^ 

where I^current, the deflectm or scale reading, and K, the galvan* 
(meter constant. 



Vio. 1,327.— <2ufieQ type S wall D’Anonval galvanometer designed use in both educational 

and commercial laboratories. 

When it is essential that the total resistance of the circuit 
should not be altered by an alternation of the galvanometer 
shunt, a compensating box should be used which automatically 
inserts a resistance for each shunt in series with the shunted 
galvanmneter to bring the total resistance up equal to the un- 
rinmted value. Thus the current in the main drcoit is not 
altaed. 
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SeiuitlTity.^TheFe are four convenient definitums of this 
characteristic, involving some statement of the electrical con* 
diti<ms requii^ to secure a standard deflection. 

Current sensitivity 
Megdim sensitivity 
Voltage sensitivity 
Ballistic sensitivity 

Current eeneitivity^-^Tlds is the current required to gin the standard 
deflection. 

In any d'Arsonval galvaxumeter it is the current floudng through the nuuh 
ing coil that causes the deflection, and all other expressions of galvanometer 
sensitivity are derived from the current sensitivity. 

Megohm tensif lofty.— This is the number of megohms resistance that 
must be placed in series with the gabanometer sit order that from an impressed 
e,mf, ^ one volt there shdl result the standard deflection. 

Inasmuch as the galvanometer coil resistance is usually negligible in com- 
parison with the total re^tance in series, the megohm sensitivity is only 
another way of stating the current sensitivity. The number representing 
the megohm sensitivity is the reciprocal of the numbo: representing the cur- 
rent sensitivity. The megohm sensitivity is the constant usually stated for 
galvanometers to be used for measuring insulation resistance. 

Voltage seiislflolly.— This is the voltage that must be impressed on the 
circuit made up of the galvanometer c&il and the external critical damping re- 
sistance, in order that there shallresuU the standard deflection. The volt^sen- 
sitivity is equal to the product of the current sensitivity and the total resist- 
ance in circuit. Itistl^constantusuaUystatedforlowresistancegalvanom- 
eters to be used for detecting very small emf/s such as those generated 
by thermocouples. 

Ballistic asfislllrlly.— This is the quantity of electricity that must sud- 
denly be discharged through the galvanometer in order that there shall result 
the standard deflection. 

It is the constant usually given for galvancnneter to be used banistically 
for the measurement of brief discharges from condensers or inductances. 
The ballistic sensitivity constants refer to the undamped condition of the 
gslvanometer. The sensitivity of a ballistic galvanometer when critically 
damped is about one third of the undamped sensitivity. 
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The third definition, the micro-volt sensitivity, is usually 
emidoyed with low resistance galvanometers. Tire first and 
second are used interchangeably with high resistance galvanom- 
eters, and in the same galvaismneter are numerically equal. 

External Critical Damping Setittanee.— Tbit is the resistance 
whidi must be placed in series or in paraM with the galvanometn to 
I»oduce the critically damped condition. 



Fko. 1^.— Queon porubte D'Araonvil ^vinometar. The deflectioni are pvoportknal to 
the cunent and the icale haa 30 diviatom each aide of the center. A aero adjuatnent ia 
provided. 

Feriode— The period usually stated for a galvanometer is the full un* 
damped period^ which is the time in seconds elapsing between two suc- 
cessive passages in the same direction through the podtion of resr.. It is 
customary to take the period of critically damped galvanometer as equal to 
its undamped period, for while the critii^y damp^ period is theoiatically 
infinite, practically, a critically damped deflection is within about 1.5% 
of its final position in the undampd periodic time. While tiie hdl un- 
damped period is stated for ballistic galvanometers, the quarter period 


NOnr£.---TMatiiMu<if5froidlavd4roo(sniiieiKbiiidiidi^ the external critksl dss'^hit 
rorietence in the salvandaieter circuit when celculatinff or deternoiiimf the voltase wenmUwity, 
Some foroisn makere specify the voltafe eenaitivitr at the tenninala of the gelvaaometcfa wUh* 
out the critical dampiiif leeistanca in aeriea. This latter aenaitivity may be eeveral tinmi the 
fanner, thfa Imt iboute be bonn te mind when eelaeting a sjlvaMoietcr. 
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(or the time for, the initial deflection away from zero) is oi prindpidiiiterett 
in ballistic mnsurements. When critically damped, tiie time for tiw 
quarter period is obtained by dividioK the undamped quarter period by 
2X3.1416. 


TEST QUESTIONS 

1 . What is a galvanometer? 

2. What is a galvaixoscope and how does it differ from 

a galvanometer'' 

3. What effect has a neighboring current upon a 

magnetic needle? 

4. How does a galvanometer indicate the direction and 

strength of the current? 

5. How should a galvanometer be set up before using? 

6. What is a "sensitive" galvanometer? 

7. Upon what does the sensitivity depend? 

8. What is the difference between a short coil and a lor^ 

coil galvanometer? 

9. Explain the operation of short and long coil gcdvano’ 

meters. 

10. Give the two general classifications of galvanometers. 

11. Name six kinds of galvanometers. 

12. What is an astatic galvanometer and for v^uxt use 

is it adapted? 

13. Does die astatic galvcmometer give correct recuiings 

for different values of the current? 

14. Describe a tangent gcdvanometer, and its ux. 
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15 . Upon what does the sensitivity of die tangsnt god- 

vanometer depend? 

16 . How may die tangent galvanometer be used as an 

ammeter? 

17 . Explain the tangent law; give mechanical explcmch 

tionofthislaw. 

18 . How is the tangent galvanometer constructed to give 

direct reading? 

19 . What is the disadvantage of the tangerU galvanometerf 

20 . Describe die sine galvanometer and its use. 

21 . How is current strength measured with the sine 

galvanometer? 

22. What is the position of instability of the sine gcdvanr 

cmeter? 

23 . What advantage has the sine galvanometer over the 

tangent galvanometer? 

24 . Defuw the term "damping effect." 

25. What is the external critical damping resistance? 

26 . Define die term "period" and what are the period 

requirements? 

27 . Describe the differential galvanometer and its use. 

28 . What is die method of comparing currents with the 

differential galvanometer? 

29 . How are the differential coils adjusted? 

30 . Describe the ballistic galvanometer and its use. 

31 . What is a "kick"? 

32 . Describe the shunted ballistic galvanometer. 

33 . What are gctlvcmometer shurUs and how are they used? 
34 Defirie the term "dambing." 
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35. How are mirrors used in galvanometers? 

36. Explain the construction and principle of theU Arson- 

valgabmiwmeter. 

37. When is the D'Arsonval galvanomOer called ‘'dead 

beat"? 

38. What is the galvanometer “constant" or “figure of 

merit"? 

39. Give four definitions for sensitivity. 
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CHAPTER 38 

D.C. Indicating Instruments 

The various devices considered in this chapter to indicatiiig 
current, pressure and electrical energy are known as: 

1. Ammeters; 

2. Volt meters; 

3. Electro-dynamometers; 

4. Wattmeters. 

An ammeter is rimpiy a commercial form of gaharumuier so 
constructed that the deflection of the needle indicates directly the 
strength of current in amperes. 

A good ammeter should have a very low resistance so that very little of 
the energy of the current will be absorbed; the needle should be dead beat, 
and sufiiciently sensiti\’e to respond to minute variations of current. 

According to the principle of operation, ammeters and volt 
meters are classified as: 

1. Moving iron; 

2. Moving coil; 

3. Solenoid or plungen 

4. Magnetic vane: 

5. Hot wire; 

6. Electrostatio 
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7. Astatic; 

8. Inclined coil; 

9. Fixed and movable cdl. 

Again, they are divided according to their use into two classes: 



Vto. -Movtag de nt of Bfowa-Keyn ^ 1*2 gum. 

taf 1.330.>^M(!ivjiig dbment of Biowii*iCeyiGoiie in rt n o neiiti gn aiBb li d h bstring# tfcil 
'tyioviii|g doioofit oooMiu of cdl, oottaterpoiM and poiiiter* . The m ec l p yto l ouooe^iogai no 
Undo by m$m at aemn and itaady pita, la order to adjait lor agght iet or aaliiit of 
Ipriiiig under kmg uae a lero adj’tster m provided by i i of oiiki; tide aai on im0»^ 
aeded and the pointar bnatght hack to aero. 
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1. PortaUe type; 

2. Sivitdiboard type. 

MM-amm^s or miUi'Valt meten are inatnimaits in ediidi the Kale 
ia giaduated to read directly in thounndths of an anqiete or 
of a volt respectively. 

dtOM. Describe the nwriiig fron type instnimeiit. 



ne. 131.-»llCovine inn type initnuiwnt. The aaential parte ere; N, eoft boa BMdlcC. 
coB; M, penn an e u t laag^ P, pointer; S> eeale. Current pawns thronsh the eK atla 
nn the needte. cawSng it to turn againtt the wetitfning fane due to the Inlhawce ai the 


Ads. Tbe anangement of the working parts is ritown in 
fig. 1331. A soft iron needle is invoted at N, inside of a coil C, 
and is held out ol line with the axis of the cchI by means d a 
pomahent magnet M, triim the instrument is i(&. In t^ 
posirion/riie pointer P,udik^ is attadied to the need^ stands 
at tbe aero mark d the scale S. 
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If a cunent be poured through the coil, magnetic lines ci fotce are set 
up in its center* which tend to pull the needle into line with them* apd 
therefore with the axis of the coil. This pull is resisted by the permanent 
magnet M* and the amount of deflectkm of the needle f^ the sero po- 
c^on depends upon the strergth of the current or the voltage according 
to wheth^ the is wound to indicate ampeies or volts. 

Ques. What is the principle of the moving iron type in* 
stmment? 



Ptnai. 1.33S to 1.337.«Midp]e of movuig mm repulnaii imtniioeiiti. If direct cuneat be eam 
throiM^the two amall pieces of iron tuspended vertkally within a aolenokl by thnmd m in 
die IJSS.they wUlbeomie magnetised and unoe they are in the same magaetie field both will 
be affected the same, and will repel each other as m ng. 1,333. If the cunent be sent throuA 
the solmMld in the oppoaite directiro the rasuit will be the same. Hext if the icoil be find 
on tt%4de and the two pieces of non be pboed within it honsontaUy u in ffit. " “ 


a and the other fat to move and a current be passed ihroui^ the aolwKMde the tm 
sof iron will repel each other. If an e. r. be used instead ofg. e, and it revwsft Vltll 
sot frequency* the polari^ ot the two piecm of mm will reveise in step with the toh 
rent end they wiU repel each otW as befoie. Henoeen * ' 

ment construction two curved piecee tk iron are 

it will rotate when e'ecnicaHy repelled Irom 

>^t.heite , to rhf* movable iron moves over a eralvated scale- 
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Ans. Thu type of instrument dq)end8 for its actknupc^ 
pull efflux m endumning to reduce the rehtetance ef its path. 

TUa jwD is proportional to the product of the flux and Uie cunent, and 
ao long aa no part of the magnetic circuit becomea aatunded, the flux ia 
pnqwrtitmal to the current, hence the pull ia proportkoal to the aquaie of 
the current to be meaaured. 

Qnes. Describe s moring coU instromait. 

Ans. Tliis type of instrunient is shown in fig. 1,338. It con- 
sists of a moving oc^ C, to which is attached a pmntes'P, and 



Fto. 133B.— MoiHiiig coll type faHtmnieat. The eieential parta are; A, epiral epriiig; C, poB; 
K, eoft iroa eoee; M. permanent macnet; P, pointer, S, acale. Ciifv^ througli 

ttie coll cauaei the movmg eyitem to turn againat the nstnunlng Ibroe doe to tte 
of the pennanent magnet. 

which is invoted between the poles of a permanent magnet M. 
The cod movra between these poles and a fixed soft iron core 
K, and is hdd in the normal podtion by two s^firal spring A, 
above and below the ccnl. TIk springs also serve to maho elec- 
trical cmmection with the C. 

When a current paseee throudi the coil, magnetic linee are let 19 in it 
which are at an angle to those passing from one pefle of the r*™f™"** 
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magnet to the other. The lines of force, yAikh fbnneriy paaaed from ofre 
pole of the magnet to the other by straight lines or by short curved fines, 
are “stretched" on account of the field produced by the current in tbs 
coil, and, in trying to shorten themselves, tend to twist the coil through 
an angle. Tbss tendoKy to move is resisted by the two spied springs, 
hence the cdl moves until equilibrium is esta b lished between the two 
opposing forces. 


The amount of deflection of the pointer depends, either 
upon the current strength, or the voltage acconling to the 
winding of the coU. 



fee. 1.3aS<-4tdiinGe diaeetable volt ineter sail m m t er for 4 , e. tad t. e. tlSi aattarww 
Mined to 6how in the nmplett fonn ponibte the ihnUarity in oonstiuotion of m volt M 
Mimnieter of the magnetic vane principle. As the dilTerence of volt metem and anmieM 
of this type ie in the eeriea apoot or coil only . the moving MDent ie eo imigBd that it map 
he Mdy removed from the volt meter ooQ and mounted in either the kornadingainmeter 
eoQ or the one of gmatercairying capacity, or vice vene^ The ecM coll of the volt tnetarli 
waM Mth a very M and a reeiatanioe put in eeriet to ndjuet tame lor the vdttage W 
Od fl e m e ri c ii i g . llteM of wire withivHich the ammeter colli are wound onat be of the oeny^ 
tag Capacity tbrwhkh the ecalek drawn. A very dieUna oomperieoa of M thna aai^ 
w and the one hundred ampere cod ie hem ehown* 




958 


H. C. Indicating Instiuments 


Ones. Whj is s redstanes eofl osed with a iwit 
meter? 

Aits. As actually cocffitructed, most volt meters are 8inq>ly 
spedal fenrns of ammeter. From Corn’s law, the current 
through a given circuit equals the pressure at its tominals di- 
vided by its resistance. Ifenoe, if a high resistance be con- 
nected in series with a sensitive ammetor that will measure 
very small currents, then the current passing throujdi the cir- 



Fkds. and 1343.*— Connectloiii for aeries and shunt anunetera. When the oonatructkiiia 

such that all the current paaaes through the inatrumenti it is connected as in fig. l,342»lHit 
where the inatrument is designed to talw only a fraction of the current* it is connected across 
a shunt* as in fig. 1.34J, a definite proportion of the current passing through the inatnimant 
and the remainder through the shunt. 

Cttit is directly proportional to the voltage at its terminals, 
and the instrument may be calibrated to read volts. 

Qaes. Into what two dassos may ammeters be divided? 

Ans. They are classed as series enr shunt according to the 
way they are designed to be connected with the circuit. 
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Allies. Wut detwoifaMs die mode of oo m ocli a g am* 
BMton? 

Ans. Ylbeo. the wire of the ammeter coil is large enough 
to cany the whole current, it is connected in the circuit m 
senes as diowh in fig. 1,342. If, however, the wire be small, 
the instrument is connected in parallel with a ^unt of low re* 
sistance, so that it only carries a small part of the current, as 
in fig. 1,343. 



Fka. 1344.— WettoD ammater; view ihowing dumt endoaed within the inetnunent. Weetoa 
instniiiKnta ore direct reading and dead b Although the acalee h«ve practkaily imifionii 
diviaione, it ia not aaaumed in the calibratkai that they are uniform, md the aealm are not 
printed or engraved. The method of calibratkm cnnaiata in laying out each large dividoa 
of the ecale fay comparing the inatniment with a atandaid. and then inldng in the diviaioo 
Hnea eo found llie amaller diviakna betwee n the large ooee ere then ecfiiaJly apaoed and 
marhed fay o mechanical method. 

Eor drcuito which carry large currents, the shunt (xmnection is always 
used, because r^faerwise the ^ of the ammeta would have to be very 
heanry and the instrument conesp o ndingly bulky. 

Qm8. How are dnmt ammeters arranged to correedy 
! die emrentt 

Ans. The cdl is arranged so that a definite propor ti on of 
the wfade current passes throus^ it. 
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h laiiie conductor of low resistance is o(»iiiected directly be tween the 
two terminals or binding posts of the instrument; the coil is connected as 
a shunt around a definite part of this main conductor; then, since the two 
are connected in parallel and each branch has a delate reBistance. the 
current divides between the two branches directly in proportion to their 
relative conductivities, or inversdy according to their resistances* Tin 
coil, thereforeg takes a definite part of the whole current, and the fern 
moving it and its pointer away from the zero position is directly propor* 



Pkn. 1345.— Wanon portable Mendard ananeler with aalf-oontainad ahinta. Tba polottr 
lignite edgaa and aacb inauument is e<iuiii|.ed with a aero correctiqg devka. 


tional to the whole current. Hence, by providing a proper scale, Uie value 
of the entire current will be indicated. 


Qms. How is a volt meto’ connected? 

Ans. A volt meter is always connected to the two pdots, 
whose difference of pressure is to be measured. 


NOTE.— fiufrumanf «<Twra on fwelMad eliviiica* If an inatrnmeat of the dnt claw 
one of the aeoood be connected in eeriea with a rectified conent, their indkationa will 
dttkt aooordittg to the teiation the ripple bean to the total current, and the form factor o| the 
lipple Thk dnciepencv nay be in the neh^borhood of 2 to 5 per cent under coAunweiai 
OiStarinsoaiiditione,aa shown by the actual testa. The upper limiting value of Ute e rror wwikl 
In W|«al to the form isetor, or ratio between tl» nnt mean equan and the hversie 'value nil tai 
wfve. la the caee of a aioe wave this amounia to 1.11, causms an error of 11 per cent in the 
Mdiag. IfitbedesiredtQiiieasttre the watts taken by a translating fievke of any charadcr, 
a dynanKnieter type of wattmeter should be used in pmference to any other. By eo doias, 
ksenoia due to rectified cuneat peculiarifiifa win ha iatioduepd. 
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For imtanoe, to meatiin tiie voltage betwoto the two aidee A ind B. 
ef the dnadt dnwa in fig. 1^, one teraunal of the volt meter is ooe- 
nected to wire A. and the other to wire B. If the “drop” or diSereiioe in 
voltage through a certain length of wire L> of a circuit, as firm A to B» 
in fig. 1,347 is to be determtoed, oat terminal of the volt meter is con* 
nectto to A, and the other to B. 

In a similar manner is found the drop throu^ a lamp. 


Qaes. What is the difference hetwem a volt meter and 
an ammeter? 



Fxo, 1346.-*Vdt nieter connection few raeaturing tliB pMm in in dectrie droilt. Tlietioll 
meter it connected in pmattti in the circuit at the point where the voltaffe is to be imm- 
ured. 


Fte . 1^7.-«Volt meter connection for meaniring the "drop" or fall in vottage in « oartain teoglli 
of wires aa for instance, the length between the points A and B. Tbe TOlttnetarii tfeoiM 
between the two points whoee preesure difference » to be meesured. 


Am. A volt meter measures pressure, while an nnutwfyr 
measmm current. As actually cmistructed, most vedt metoca 
avB shaip^ gpedal forms ammeter. 
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Ones. Eqdaiii the term “ceHbrate/* 

Ans. To calitarate a measuring instrument is to determine 
the vaiiatkms in its readings by making special measurements 
or by comparison with a standard* 


Ones. Describe a sdmioid or plunger ammeter. 



Wm i .348.— Plunder type bntniment The current to be measured p«HS through the aole- 
DDid producing 1 magnetic effect cm the soft iroo ptunger which tends to draw it into the oott, 
and thuscauses the pointer to move over the graduated scale. The dwtance the rod mowas 
depends on the value of the ratrainiiig force iwbich may be springs or gravity)* the eoU 
winding* and strength of current The vending consisu of e few turns of heevy wire fdr an 
ammeter* and a large number of turns of fine wire when constructed at a volt metor. Sioca 
the iron has a certam amount of residual magnetism* the deflection with fmaUer foSowhii 
large cunente b more than would be produced by the same current foUowhig a amaUer ana 
The inetnnnent therefore le leai reliable than tha unial types. 

Aus. This type consists of a “plunger" or soft iron core ar* 
ranged to enter a sedenoid. 

Current being pasaed through the irire of the edenoid causes the oox 
to be more or less attracted agidnst a restraining fwoe of gravity or springs. 
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A pivoted pointer attadied to the cese indkates the cun ent vdue on a 
graduated dial as shown in fig. 1^48. 

Qiub. What are the objeetknu to plango’ instminaita? 

Ans. They are not reliable for small readings, and are read- 
ily affected by magnetic fields. 

Ones. Deacribe a magnetic vane inatmmait. 



Fto, Ifdl^r-Macnitic vne instniniaiit. A loft iron vane, eooentricaUy pivoted within a ooll 
canyliig the currant to be ineaaured, ia attracted toward the poeition where it will condoet 
the gieateet number of magnetic Unei of force againet the reetrahiiog force of a apetog or 
equivalent. 

Ans. It consists of a small piece of soft iim or nw« mounted 
on a shaft that is luvoted a little off the center of a coil as 
shown in fig. 1,349. 

The principle upcm which the instrument works is that a piece of soft 
iron idaioed in a magnetic Md and hee to move wiU move into such position 
as to oonduct the maatmum number of lines of force. The current to be 
measuied is passed around the coil producing a magnetic field through the 
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center of the cqil. The magneite fidd inakte the coil is etr on g eit neer the 
inner edge, hence, the vane will move against the restnuning tone at a 
spring so ^t the distance between it and the inner edge of the coil wiB 
be as small as possible. A pointer, attached to the vane shaft moves am 
a graduated dial. 


Ones. Describe an inclined c«l instmment. 

Ans. As shown in fig. 1,350, a coil carrying the current, is 
mounted at an angle to a shaft to which is attached a ptrater. 



Fig. l»3SO.*~Thoiii8oa inclined coil ammeter, it it con»iruci9d go the maiEnetic vane 
principle in which an iron vane is attracted by the magnetic field due to the ooU, boss to turn 
itself narallel with the axis of the coil, the latter being inclined with respect to the axis ot the 
vane. The vdt meter of this type has a Kmilady placed stationary coil, but in place of tha 
iron vane* is provided with a moving coil in series with the other coil. The restiaining fans 
in each case being that due to springs. Figs. 1*351 and 1*352 show the actual ooostniction of 
iadined coil instruments. 


A bundle of iron strips is mounted on the shaft. A spring re- 
strains the riiaft and holds the pointer at the zero position when 
no current is Ibwing. 

. When a current b passed tbrou{^ the cml, the iron tends to take up s 
position with its lon^t rides parallel to the lines of force, sridtA results 
in the riiaft being rodited and the pointer moved on the diid, the amount 
of movement d^ending upon the strength of the current in the coil. 

The coils to la^ rises are generally wound with a few turns of to|. 
i p s u te te d copper ribbon. The mstruments ate adapted to eithw rSnnt of 
ritomating curroits but are recommended for riternating eim^mts. 
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Qnes. Wbat is the prindple of flte hot wfre iastmiiwBt? 

Am. Its action depsids upon the heating of a condiut^ 
by the current flowing through it> causing it to expand and set 
in motion an index needle or pointer^ the movements of which, 
by calibration, are made to correspond to the pressure difftf* 
(mces ixodudng the actuating currents. 



Fkos. 1351 and 1,35*^ — ^Thooucm inclined coil, portable indicating instnunenta. Fig. 1351, 
ammeter type P. interior; fig. 1 352, watt meter, type P, interior. These instruments, thoinli 
primarily designed for use on alternating current circuits, may also be used on direct Cll^ 
rent circuits, by making reversed reading and taking the mean aa the true ind.cBiuon. The 
volt meters and watt meters are constructed on the dynamometer pr nc pie and the aos- 
me'.ers» on the magnet c vane pr nc pie. The volt meters and watt meters are provided 
with a mtact key which may be locked in poe t on. enabl ng the instruments to be telt 
eonstanUy in c:rcu.t. The movements of the pointer are damped by means of an air vane; 
there is also a fr ct on damp ng device operate by a small button to check excessive osdi- 
lat m of the pointer. The inclined ootl mstruments are so designed that the torqite i| anl* 
fleiendy high to insure the pointer assuming a definite position with each change to oneent 
value* 


Qaes. What are the charaderiatica of hot who iBotra* 
meiifa? 

Ana. Volt meters of this type are not afieoted by magnetic 
adds, and as their self-induction is small, they can be u^ on 
okher direct or alternating currents; but th^ possess certain 
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aerioos defects: they consume more current than the other 
types; cannot be constructed for small readings; are liable to 
bum out on accidental overloads; are somewhat vague in the 
readings near the zero point and are sometimes inaccurate in 
the upper part of the s^e. 

Ques. Describe the constmetkm and operation of the 
IHiitney hot wire instruments. 



Fka. 1,853.— Diainm fhoiriiig prii^ple and ooiutfiiction of the Whitney hot win 
The action of inetnunenti of th:a type depends on the heating of a win by the . 
a cumnt causing the win to length. This elongation is magnified by aoitahle 
itti and tnnsmittad to the pointer of the isetnunent. 


Ans. As ^own in fig. 1353, a wire AX, of ncm-ozidizable 
metal, of high resistance and low ten^mture coefficient, passes 
ova* a pulley B, mounted on the shaft C. The ends of the wire 
are attadied to the plate E, at its ends F and G, the wire faebog 
insulated firom the {date at G. A spring H, holds the wire ha 
tensioa and takes up the slack due to the eqmnsion caused bv 


D. C. ladicBling lastruments 


967 


tfae heating of the wiie idim a cun«nt passes throu^ it. The 
conent flows only in the portion of the wire marked A, between 
the plate E» and the pu^ B, up to the point K, where the 
oooMcdcHiisdiown. Whm a anient flows thiou{^ the anre A, 
the spring takes up the slack, pulls A, around B, and causes B, 
to rotate upon its shaft C. It is clear, that a pointer attadied 
to C, would indicate on a scale the movement of B , and C, Init 
as this movement is very slight, a magnifying device will be 
required. This device con^ts of a fwked rod L, rigidly at‘ 



Fra. 1364.— WMtOB twinging brndwt. laaad pnttern instrument. 


tadwd to the riiaft C, and carrying at its lower end a silk 
filne fastened to the fork and passing around a pulley M, to 
which a pointer N, is attadied. For direct current measure- 
ments only an electromagnetic system is used. 

Ones. What is the prindple of dectrostatie instnuaoita? 

Ans. The action of these instruments depends uprm the 
faik that two conductors attract one another wfaoi any diffiar- 
epoff- ci dectric pressure exists between them. If one be 
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cyjcatdy suspended so as to be free to move, it ^ afpro^^ 
thedther. 


Qaes. Describe the Kdrin electrostatic Tolt mder. 

Ans. A simple form consists, as shown in fig. 1,355, of a 
metal case containing a pair of highly insulated plates, between 



FW, 1.3S5.*Kelvm electrostatic volt meter; a form of instrument designed for measoring hlifh 
pressure) up to 200.000 volts. Hie instrument, as illustrated, consists of fiaed and movable 
vanes with terminals connecting with each. These vanes which act as condensed take 
charges proportional to the vo.iage di.Terenoe between them, resulting in a certain atttao- 
tibn which tends to rotate the movable disc against the restraining force of grevity. In 
the figure, aa and b, are two fixed vunes and c, a movable vane, carrying a pointer and 
having a proper weight at its lower end. 

whidi a delicately mounted paddle shaped needle is free to 
move. 

When tne needle is connected to one side of a circuit and the 
plates to Uie other side, the needle is atuacted and tnoves between them 
a» indicabM by the pdinter, Adjustina screws at the lower end of ^ 
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needle allow it to be balanced ao that ite center at gcavitjr is somewlMit 
beW the center irfeuqxnsioa. (kavity then te the reetiabing hme. 

The range of the instrument may be changed by hanging dMeient 
weights upon tte needle By increasing the numbff of blades the in- 
strument can be made to measure as low as 30 vdts. The farm having 



1387.— jGeneiu' Ekctrie dectroatatie volt meten. Fig, 1386, vane tjrpe^ 
ag. 1>SS7> paa Ore. The main uae of dtctraatatic volt metcfaSa for meaMinitient of volt* 
tracQ 3 to SO Aff. , For high volt&ges, the dectroetatic volt meter has the advantage of 
being eaeUy meulated, and as tiiere ie not a ccanpiete circuita it is not nffft ntt r y to 

b^ciude in the construction a large-aniount expensive lesistanoe wire* In addition i instm* 
menteof this type draw an inappreciable current from the line which is of advantage in many 
Cases. Electmitatic volt mstem are used for caUe ttan’nxg instrument whsm a 
resdy determiasticm difftfsnoes of pressure may be mads and where a deviation from the 

For best lesuiti, an electrostatic volt 
metorsliniiM be cat^tod after it has been asMmUed and moim Resistanoes in aeries 
with the mey tena^^ are furaiehed to protect the itotrument to theevent of over-vuitagi 
on lbs ctoctot to which the volt meter is connected. Sbouto im ait^nrer ooew It not 
gtantiy daquon the tostminenti 
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two statkmaty blades and one movable blade is suitable for nuMtuiOK 
foom 200. to 20,000 v<dts. The quadrant electrometer or laboratory fona 
will measure a fraction of a volt. 


Qiies. Explain the construction and ipinciple of tbe Thom* 
s<m astatic instruments. 

Ans. The fields of these instruments are electromagnets 
wound for any specified voltage and provided with binding 



WiG* i^^SS.-^Thonuon astatic inatrumant without cover. When cunant poMes thiougli the 
coils of the moving the lines of force parallel to the shaft produce a torque whkh 

tends to turn the shaft and cause the needle to travel across the ecale. This action h, of 
MUrse, opposed by the magnetic field at right angles to the shaft acting on the two pieces 
of magnetic metal. These astatic instruments have no controlling springs. The two 
silver spirals which conduct the current to and from the armature are made of untempemd 
silver and exert no force as springs. The actuating and restraining forces are dependent 
upon the same electro-magnets. The damping eflect in these instruments is produced 
an aluminum disc moving in a magnetic field, and is piopcutional tothesquateof thasiaiiiet 
strength. 

posts separate from the current posts of the instrument. The 
moving coils are mounted upon an aluminum disc and ate 
located in a magnetic field which is parallel to the shaft and 
astatically arranged. Two small pieces of magnetic metal are 
rigidly mounted on the shaft and the astatic components of the 
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magnetic field, which are perpendicular to the shaft, tend to 
keep the pieces of magnetic metal in their initial poations. 
Wbm current passes through the coils of the moving dement. 




Ftat. 1,389 and l,360.--W€ttiii|EbouMfiln]ntafor amn^^ Direct curreat ammetcraloriiritcli' 
board aervioe are aeldom made for capadtiei greater than 25 amperea. For higher capadtiae 
agtemal ahimte are uaed with milU-vdt metera. The milli-volt metere are adjoited ao that 
wi^ 50 nilli-volta applied to the end of the inatruihent leada, the inatnnnent will give fhU 
aade deflection, the ac^ being mailEed in amperea. 



Fkaa. 131 to 139* — Wcatoo awitchboard ahunta. Each ahunt conaiata of one or moie aheeti 
of % apedal alloy, fitted at each end into groovea in two copper blocks, which are provided 
with means for connecting the ahunta in drcoit with the main ooodgctor and with the instni- 
ment. Ixi ahunta up to and induding a capadty of 2,500 amperea the terminal bladea are an 
Intagral part of the ahunt terminal. Abo^ this capadty the connecting termiiiai bladea are 
copper, eoldcied and riveted into the ehunt blodce. 
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tlie lines oi fdroe parallel to the diaft produce a toniue tijaasb 
tends to turn the shaft and cause the neecUe to travel across 
tl^ scale. This action is, of course, (^)po6ed by the magnelk 
field at tight angles to the shaft acting (m the two pieces of 
magnetic metal. There are thus no restraining springs, current 
beii^ conveyed to the moving cdl by torsionless spirals 
diver wire. Th<nnson astatic instruments can be provided 
srith polarity indicators, a red disc show^ (m the s^ card 



Fios. 1,370 to 1,373.— WeMon standsM porti^ tfmnti. The ndU'Volt neten uied in oonnee- 
tkm with these shunts read directly in amperes. Shunts < 4 . different capacities can be ad- 
justed to the same instrument, and it can, therefore, be ,iaed U. ueasure a current of 2,000 
amperes with the same degitse of accuracy as a current of 1 ampere. In selecting shunts of 
different capaciues for use in conxiection with one instrument it should oe considered that 
the higher ranges must he even multiples of the lower one in order to suit the same scale on 
the instrument. 

where the poles are reversed. The effect of external fields is 
diminated by the astatic arrangement of the fields and die 
mo>dng parts. A field vdiich tends to increase the t(»tiue on 
one side of the armature diminishes it to a omre^xinding degree 
on the other side. The damping effect in these instruments 
is produced by an aluminum disc moving in a magnetic SM. 

What are maltijpipra? 

Ans. These are extra ret^tance cchIs which are oonne^ed 
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in soles mith a vdt meter for increaoni; its capedty or read* 
ings. Tliey are put up in portable boxes, and must be adjusted 
for eadb particular vdt meter as the resistance of a multiplier 
0(^ must be a multiple of the resistance of the volt meter itsdf. 


Qoes. Wliat is an dectro-dyiiaiiiomrtw? 



Fio. l,374.^Wetton lotsry fwitdi type multiple mgt portable pi ti shunt. These am 
seven range series type precision shunts, constructed lo that any range may be selcK:^ at 
will, by merely turning the switch handle until the index ahows the cesired range to be in 
circuit. It is not necessary to open either the main or the instrument circuit when chang- 
ing the range. By turning one notch above tbe highest range* the eotiie shunt is sliort cir- 
cnitod. 



l.i754-^WtaiaQ multiplter for standanl anmalv. Thais oadtiiAen am iwiMonliac^^ 
a disfodte multiplying constant^ the resistanoe material of wldch is highly in s nl a t i id and 
avranaed lor proper heat dissipation. They am ao adjusted that the madinis of the lostxiy 
amnt may be multiplisd by a spsdfic oonstant. Multipliers am nauatty co n structed so that 
ttoindicatkmm tlw potatar* inmtipUad ^ 2* ^ 10m willglva tha voltaieof te 
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Am. An imtnunent for measuring amperes, volts, or vatts 
the leacticm between two coils when the current to be 
measured is passed throu^ them. One of the coils is fixed and 
the other movable. 

Qnes. Describe the Siemens’ electro-dynamometer. 



Fio. l«376.-»Diagram of Siemens’ electro-dynamometer, it eonsiata of two coils on a com m on 
axis, but set in planes at right angles to each other in such a way that a torque is pro uoed 
between the two coils which nieasures the product of their currents. This torque is h a lanead 
hy twisting a spiral spring through a measured angle of such degree that the coils sball 
resume their original relative positions. If the instrument be used for measuring currartt, 
the coUs are connected in series, and the reading is then proportional to the square of the 
current. If used as a laaU meter , one Coil carries the main current and the other a small 
cunent, which is proportional to the pressure. The reading is then pcoporuonal to tha 
power in the circuit. 


Fig. 1,377 .-^-Diagram showing connections of Siemens* electro-dynamonmer as amaged to 
read watts. 


Ans. The essential parts are ^own in fig. 1,376. The fixed 
cdQ A, composed of a number turns of wire is fastened to a 
vertical sui^m, and surroundni by a movable ct^ B d a 


D. C, Indicating Instiumeats 


975 


few turns, or often of only one turn. The movable coil is sus* 
pended by a thread and a spiral firing C, below the dials 
are fastoied at (me end to the movable coil and at the other 
end to a milled headed screw D, which can be turned so as to 
place the planes of the coil at right angles to each other, and 
to apply torsion to the s{»ing to oppose the deflectiim of the 



1*378.— RflUer-Smith electiOHlyiiaiiicttneter lued in watt zneten. 

movable coil fexr this position when a current is passed throus^ 
the c(^. The ends of the movaUe coil dip into two cups of 
mercury E, £', located one above the other and along the axis 
of ^ coils so as to bring the two in series when connected to 
an external circuit. 


The atrom diow the direction of current through the two coils. An 
indei pointer F, is attached to tl» movaUe o^. The upper end of this 
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pointer is bent At a right angle, so that it swings over the dial between 
two stop pins G^G', and rests directly over the aero line when the. ptanes 
of the coils are at right angles to each other. A pointer H, is attached to 
the torsion screw D. and sweeps over the scale of the dial. The spdOg i$ 
the controlling factor in making the measurement. 



f^o. 1.379.*-I>iagrem of Siemens' dynamometer with names of parte. Wkm mtOntettd a$ a 
9oit meter, both coils are wound with a large number of toms of fine wire, making the instni* 
ment lensitive to email currente. Then by connecting a high leSietance in aeries with ths 
instmiiiimt. it can be connected aaoes the terminale of a circuit whose vottage is to be mea* 
■used. When tonstruciei as a watUmetar, one ccnl is wound so as to carry the main ament 
and the other made with many turns of fine wire of high resiatance suitable for coonectiat 
I the circuit 

PSS* l^SO.^'^^^.eeds and Noithrup elaetro^namometer. ft is a rtliabie imtmmeiit far fis 
msssarsfiwnr of aUemating currents of commercial fregueneics. 


Qaes. Eiplain the oiiwaUra of the ^memi’ deeSro* 
^vamometer. 

Ans. In fig. 1376, ilien a current is passed through both 
coils, the incn^Ue coil is deflected againi^ a stop pib. then the 



Z>. C, JaSMt^ag iasmifflffats 


m 


aatv P, is turned in a direction to oppose the actkm of the 
cmrent until the deSectkai has been overcome and the coil 
Inouc^t back to its original position. The angle throu^ vvbidi 
the pmnter of the torsion screw was turned is directly iwopor^ 
tionid to the square toot of the angle of the torsion. To de- 
termine tlK current strength in an^)ere8, the square root of 
the angle of torsion is multiplied by a calculated constant fur- 
mslied by the makers of tide instrument. 



Ro. rj 81 .--C«DenaBhctric.TlKiiMqBtmO« Jl we te i ii WB t^ l^ 
wd pcM^ioe to funnah iteitbto aMe lead* provhkd «4tli copper tenniti^ 
anqieRe capedty a^ idiove. Pot meter* ortowercapedW.U* Jeeding-in wUe* an tetoad 
toiuitiible bnit binding posu with lerewt.. 

CkQ^« How id tiie electro-dynomometor adapted to nieaa* 
ore vidts w watts? 

Ans. Both coils are wound with a large numb» of turns 
of fine wire nukin g the instrument sensitive to small correiitai 
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Then by connecting a high resistance in seri^ with the instru- 
ment it can be connected across the terminals of a circuit whose 
vcdtr^ is to be measured. 

When constructed as a watt meter, one coll is wound so as to carry the 
main current, and the other made with many turns of fine wire of high 
resistance suitable for connecting across the circuit. With this arrange* 
ment, the force between the two coils will be proportional to the product 
of amperes by volts, hence, the instrument will measure watts. 



F^as. 1,S84 to 1,394.— Puto of type C-6 Tlioiiieon witt hour meter. 

Fxo. 1 ,383 Texf eontimted. 

armature, ama!! commutator and gravity brushes. A spherical armature moving within circulaf 
field coilaiatheconstniction adop^ in this meter. The armature is wound on a very thin paper 
stiff enough to withstand the atrain due to winding and subsequent handling. The wire 
eorapoaing the armature is of the smallest gauge consistent with mechanical strength. The 
field coile, as before stated, are circular, and are placed aa near each other as possible, one 
on either side of the armatuie, with the internal diameter just sufficient to give the neces^ 
aary clearance frr the rotating element. This oonstnid:km pievenu magnetic leakage. 
Kibbon wire la employed for the field odla, thus eoonomi^ng spece and fiinher carrying out 
*he idea of concentration. 
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LOAD LOito 


P». 1,396.— Cenenl Electric type C6 d. e. wett hour meter, two wire connecticne, 5 to 06 
Up erei up to 340 volte; type C-7, 5 to 25 amperes, 500 to 600 volts. 

Vto. 136.— Oeneral Electric type 06 c. watt hour meter, two wire connections. 7S toOOD 
amperes op to 240 volts; 50 to 600 amperes, 500 to 600 volts. 


SOURCE SOURCE 



LOAD LOAD 


Wia^ 137.-*^€ienerel Electric type CS i, c* waU hour meter, three wire oontieeSons* 5 to SO 
mnperei, 200 to 2^ volts. 

139.— General Electric type CS d, c. watt Itonr merer, three wire ooimectipBi. 26 
300 mhiMrei. 200 to 240 volts. 


Z>. C, ta$tmmeat$ 



Fiq. WesUnghome type CW-6 watt hour meter with cover off. Thii meter ii pC the 

commutator type without iron in the magnetic circuit. The epherical armature is doeely 
■uirounded by circular field which provide the shortest magnetic path and atn^t 
magnetic leakage, thus securing high torque with small ocmsumption of energy. The arma- 
ture winding is wound on a hollow sphere of prepared paper which is mouldmTia oonugated 
form to eecure atrength. Uniform brudi tension is maintained by gravity, bfutb 
oonsista of two small round wires placed tide by tide and held against the commutator by a 
anudl sounterweight whoee distance from the fulcrum is adjusUble. The current winding 
coQStsta of two fiat ooile of strap copper, <me clamped rigidly on either eide of the centni 
mounting frame which aupporta the armature bearings. These cods are connected either 
in eeries or parailel, depending on the capadty. In three wire meters one of the ooile isooii* 
nectod in seriee with each aide of the Une. 'IlmreCaidingclementconsietsof aliiditalttmliittm 
diie rotating between two pairs of permanent magnets. The magneta me pr^ared Iqr « 
fpadal aging yiioeeaa to tnsure perm^^ Fufi load adjuatment » mada ahifti^ 
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Ones. Describe brieflj the Mnutraetion of the Thuusa 
roMrdliig watt meter. h 

Ans. It consists of four elenmnts: 1, a motor cauans rota- 
tun; 2, a dynamo providing the necessary load or drag; 3, a 
r^listering device, the function of idiich is to integrate the 
instantaneous values of the electrical energy to be measuied, 
and 4, means of regulati(ai for light and full load. 

Ques. What is the action of the motor in the Thomsen 
watt hour metw? 



Fra. It400.^1ntenor view of CdumbiB watt hour meter (type D), ehowing; oooebiiction and 
principal parte and connectiona. 


Fig. r«e( eotdin^, 

ppaition of the permanent magnets. Ample light load adjuatment or friction compa n a a tmn 
Is p r ov i d ed hy means of tha movable coil, which can ba sl^tad horiaqntally or nidial|y on 
tooling ooa screw. The meter registers dirscUy in Irilowatt hours. 




ha. l»401.--<3eiwrBlElecUk,ThoinBon typeCS. astatic watt hour meter with yw and awg* 
net shield removed. This meter is constructed on the astatic principle to minimise the ellaet 
of external magnetic helds which are commonly encountered when dealing with large dUiect 
current cucuita. These flelds mav be due to several causes such as an adjacent bus bar 
carrying large currents, iron frame work of switchboards, steel girders in boUdings, etc.* 
and they would naturally tend to affect the registration of the meter by an amount dependent 
on the direction of ti>e external field and the ratio its atrength baara to that of the meter 
field. Tte astatic principle which is the important feature of these meters, involvea the me 
of two motor elements. Obviously, if one field coil and its armature be oensidered, a pro- 
jected field fiom an adjacent bus bar or similar source of disturbance would tend to alter 
the field witiiin the series cod, and its effect on the tegietxatlon of the meter would be pio- 
pmUonal to the strength and direction of this stray field. Now, by combining with thia 
element another field coil and armature identical with the firet. except at nganla pdiacify 
erhic]i is just the oppusite of the other element , the effect of the stray field becomea naotral^ 
lasd ,thatte,aprcfieked field born any eidernal source tending to etrengthen one field would ill 
gene^ weelwn the other by the seme amount* the net neukiepmeenting no changeln torque. 


if. C. la^SMting 
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It R^tes at very stow ^)eed, am) since there is |M> 
inm in its fieMs and armature, it has very little reverse vr^ 
age. Its armature current, therefore, is indqxmdent of tiie 
q;)eed of rotatvm, and is constant for any deflate volta{^ 
plied at its terminals. 

The tonpie of this motor b^tg propottiooal to the product of its i 



Vm 1,402.— Detail of bniali oonetractian and anamement of Tbameni attatie watt haiw 
"netff. 

tuie and field currents, must vary tfirectly as the energy pasoiig thtduih 
im coils. In (Hder then that the motor stoll record correctly, it is neossr 
mqf only to provide some means for making the qteed proportkid^ to 
tha tt^ue. This is accomplished by apfdying a load or dr%. the stton^ 
of whith varies directly as toe speiA. 

; ^^aes. Hqtfailn the qientiw et the Thomsaa r« 
vnitt' sM^ter. ' 






souRce 
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field, there being no iron, varies directly with the current in 
the fidd. Thus the strength of the field with 10 amperes flowing 
to the load is eractly twice the strength of the fidd with 5 
amperes flowing to the load. 



The stiengdi of 
the arxnature is 
pendent on the volt- 
age of the system 
to which it is con- 
nected, the arma- 
ture element of the 
meter beiilg practi- 
cally a volt meter. 
There is, therefOTe* 
a torque or pull 
varyingdirectly 
with the strength of 
the armature multi* 
pliedbythestrength 
of the held, or, in 
other words, vary- 
ing directly with 
the watt load, and 
except in 60 as 
influenced by fric- 
tion, the sp^ of 
rotation varies 
directly with the 
torqueorpuU, The 
currents generated 
in the disc arma- 
ture consist of eddy 
currents, whidi cir- 
culate within the 
mass of the disc. 


Wim, 1,411.— Sangamo aervke type two wire, direct current wett hour meter, with cover end 
reodrditig train removed, it eomUU of a motor dynamo aet coupled to a levohitioa 
leoordiaa mechaniam, the speed of the set hsing proportional to the power delivered throng 
it. The mercury motor consists eneentially of a copper disc Soated in mercury betetaea tte 
pctea cd a magnet and provtdad vrlth leads to and lim the mercury at diametriicfl%o 
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IiMtelbitiQil Wstt Meters.— The various types of watt 
ineter differ so widely either in mechanical details, or opera^ 
principles, that it is customary for manufacturers to fumidi 
detailed instructions for the installation of their meters. Sudi 
instructiems ^ould be carefully followed in all cases, but the 
fcdlowing wifi be found genet^y applicable to all types of 
motor meter: 

1. After unpacking the meters and before opening the case or oovOTs 



fto. MX3w--Electric and magnetic dreoitaof the mercury muter of Sangamo D-S wattliQe> 
aaetcr. The current of electricity, carried by the circuit in which energy is to be mea^M* 
aoteritbecontactC .paaiee through the comparatively hifi^reaiatanoe mercury H, 
of the low reaiitance copper disc D, acroae through the disc to the mereuiy H, a^ oat of 
the contact Ci. The magnetic field of the motor is eacited by a winding coiioected acrow 
the drqiit, in which energy ia to be measured; that is, the magnetic fidd ia proportional to 
dievoitage^ 



IWi t We dfaectiflBa€feiiimnt,iMigimticftttattdw^^ 

' watt boor fostsf'* 



C, IndiCMtiag tastruiOiBi^ 


dean the latter carefuUy to mnove all ac&eiiitE pntides (tf duet 
and excdskv. 

Z. The proper location for the meter dx>uld be one where there ia no 
vibration, l^n this location has been selected, nail or screw tqpon 
the mils, a board somewhat larger than the dimensions of the bade 
of the meter, and upon this board hang the meter by the top hanger. 

* 
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3. After hanging the meter, open or remove the case or cover, and if 
necessary, put the mechanism in order according to instructioiie fiir- 
nisi^ by manufacturer. 

4. In order to operate satisfactorily, the meter should hang plumb, so 
that the spindle of the revolving element will be verti^, and the 
horizontal planes throu^ the armature and retarding disc will be 

levd. Many complainta 
relative to meters being 
slow on light loads, are 
invariably due to the 
foct that the meters 
have been installed out 
of plumb.* 

5. In making the cir- 
cuit connections, be 
very careful that 
the positiw lead or 
wire is placed in 
the positive binding 
post of the meter. 
This precaution is 
essential for insur- 
ing an accurate and 
sensitive measure* 
ment on smaU 
loads. 

Fvo. l,425.--Theriiio<ooaple and lighMoad adjustment of Sangamo direct current ^att hour 
meter. A, is the thermo-couple winding which encloses a couple consisting of two strips 
of dissimilar metal, each end terminating m a slotted terminal held by screws B and C. As 
shown, the couple is connected for use on the positive side of the line; loosening the scresvs 
and moving it to connect acrosa.C and D, adapte it for use on the negative side of the fine. 
The light load adjustment is obtained by moving the clamp £. one way or another along 
the resistanoe strip. The round wire is of copper, while the flat strip is of resistance metal. 


^OTE.— Tha moat practical and accurate method of plumbing a meter is to level it by 
meana of a small brass weight placed upon the retarding disc. Place the weight upon the front 
ot bnch upper surface of the disc, dote to the edge. If the disc and weight rotate toward the 
right, move the bottom of the meter in the tame direction so as to raise the disc on the right. 
When the disc is level, the weight and disc will remain stationary when the weight is plf^ 
on father the front or the back of the disc. Nest, place the weight on the disc dose to the adgs 
on either side. If the disc rotate toward the front, swing the bottom of the meter away frciii 
the waU or board untii the disc remains stationary when the weight is placed upon it on eithir 
side. If the disc rotate toward the back, raise it up on that tide by bringing the top of tlw 
meter away from the wall of board. It Is possible that the aeeond levdmg operitiott will allar 
the position of the disc obtained by the first operation, therefore, the first shoitld be rspeatnl* 
end after that the eecond aleo, until the diK remeine etationary when the weight it jmndnt 
any point upon ite eurlece. Thie method of Jevding is more lefiabla than any aetM hi 
wtficb a ephtt level ie cmpkiyed. 
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6. When a meter 
of the commutator 
motor type sparks 
at the brushes at 
starting, it is an 
indication that the 
commutator is 
dusty. Clean it 
with a piece of 
closely woven cot-r 
ton tape 
width. 

7. Meters should 
never be allowed to 
remain with their 
covers off, in the 
testing ’•Dom sta- 
tion, or any other 
place. In order to 
getthebestservice, 
and to give them 
long life they must 
be kept clean. 


NOTE.— Sangamo neten 
for use (Ml circuits of more 
than 130 volts are provided 
with resistors amnected in 
series with the voltage mag- 
net windings, and these re- 
sistors, when used in meters 
for circuits not exceeding 250 
volts, are mounted upon and 
form a part of the motor ele- 
ment. On circuits of more 
than 250 volts the series re- 
cHtor is mounted in an ex- 
ternal box. 


Fm. 1,426.— Internal circuits of Sangamo two wire direct current watt hour meter.* ^lemenle 
in iwti and ikrae wira meters.* A, armature; B, icro pc^t of light load adiusttnent D« 
damping disc, e,E, contact ears of mercury chamber; H, heater winding of thermo couple; 
1,1^ binding post “from line;’* K, damp slider of light load adjuetment; M, motor elemrat; 
N, adjuetment for drop of shunt; 0,0, binding poets “to load;" S, spindle; 0, upper bearing; 
W, worm driving reccing train; Y, laminated shunt magnet; SC, shunt eoile; CT,cooi- 
pouading turoe to build up speed <»i heavy loads. 


*NOTOrf-^The reference letters under fig. 1,426 apply to figs. 1,426 and 1,428. 
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How to Test a Meter.— A simple test for ascertaining whether 
a ctHCtomer’s meter is fast or slow, may be applied as follows* 




fwa. 1,436 to l,437^Thne viewt of toooctUng mechaniun of Sangamo two wire watt boor 
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1. Turn cff the lamps and other power consuming devices in the house 
and then note the reading of the meter dial and the exact time of day; 

2^Tum on as quickly as possible about one-tenth of all the lamps in 
the house and allow them to bum for about two hours; 

3. At the end of two hours, turn off the lamps as quickly as possible 
and note the reading of the meter diaL ■ 



Fm. l,438.-*Duiicaii modd £K, direct current watt hour meter. 

The difference between the first and second readings of the dial will be 
the indicated consumption of two hours, and if this be greater than the 
amount of power that ought to be consumed by the number of lamps 
turned on, the meter is fast, but if it be less, the meter is slow. 

The best results obtained by this method are only approximations, 
however, on account of the variations in the watts consum^ by the dif- 
ferent makes of lamp, the uncertainty as to the actual voltage on the 
Uiie at the time of the test, and the lack of knowledge as to the ag^ of 


m 
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1,439. — Diagnun showing internal connection* of tiie Duncan watt hour meter |tiopera>- 
tton depend* upon the principle of the well known electro-dynamometer, in which the 
etectrainagiietic action between the currenta In the field coil* and an armature producet 
motaon in the latter. It also erabodie* the other two necemary watt hoiir meter elemema 
required Ibr the apeed control and regietration of the revolutiona of the armature, these 
embodied in the drag magnet and d»c, and the meter regieter respectively. Themptlon 
#ihe mMatuie li converted intocontinuous fetation by the aid of a commutator aiid bruehm, 
the cmbmwtator beitig connected to the armature coile and carried on the warn 
thoewitbt 
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tbe lamps. Tberefcre, if the met^ test within five per cent., or do not 
record more nor less than one-twentieth of the assum^ lamp consumption 
it is sale to assume that the meter is correct as the result of the test is 
not Ekely to be any closer to the truth. 





Back view 


Pios. 1*440 and 1 ,441 . — Duncan model E. register. inntruetionM for taoUini regiolor la mo: 
remove complete register from tne me.er; remove screws A an B; loosen screw C* one half 
of a turn; disengage pinion P. from gear wheel W 1, by moving frame F, to the right as shosm 
by dotted line; re*set the dial poimers by turning gear whe^ WS and Wl; move frame F, 
tisk in place and replace screws A and B; adjust mesh of pinion P* and gear wheel Wl, 
to allow iUght backlash; tighten screws A. B and C. 

Qnes. How should a roughened commuiator be deaued 
and smoothed? 

Ans. By means of tape. 

Wade of Electridty in li^tiag.’-In large residences where 
a good many servants are emidoyed or in any place where tie 
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Pta. l,442.>-~New style Duncan brushes. Method of 
adfuatmentr loosen set screw S; change tension hr 
moving arm B, in the direction indicated; tighten set 
screw S. 

Pro. 1,443 ^Method of polishing Duncan commutator 
with tape. 






Pios. 1,444 to 1,446.— Duncan meter showing method of replacing fixed type oompefiiatSiig 
ooil with awingitig type. R, red lead to positive aeries binding post if 110 volt m ten if 
volt meter, connect ted lead to pan cake ooil resistance on bont of meter base. To replaee 
tiled oompensatiag coils and switches shown in figs 1 .444 and 1 ,445 with the movable Oom* 
pensatiRg ooil, illustrated in fig. 1 ,446, disconnect gieenlead G, from brush; disoaouect lead 
nemove screws A and B; remove ooil and switch as a umt; substitute movabie ooH; mplana 
screwsA and B; comiect red and green leads as indicated. 
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power omsumed is not directly under the supervision of the per- 
son who must pay the bills, a great deal of waste usually occurs. 



Kto, 1,447 to 1,457.— Tools for use with Duncan d.c. watt hour meters, both old and nsw 
types. A, sticks of com pith; D, sealing tool; C, brush cleaner; D, brush adjuster; E, magnet 
wrench; F, brush wrench; G, armature screw driver; H, commutator pick; I, magnet cleaner 
(phosphor bronae); J, pivot remover; K, magnet adjuster. 

NOTE . — A meter operates under more varied and exacting conditions than almost any 
other piece of apparatus. It is frequently subjected to vibration, moisture and extremes of 
temperature; it must register accurately on varying voltages and various wave forms; it must 
operate for many months without any supervision or attention whatever; and, in spite of all 
these conditions, it is expected to register with accuracy from a few per cent, of its rated capacity 
to a 50 per cent, overload. As a meter is a type of mechanism, its natural tendency is to run alow; 
but occasionally, through accident, a meter may run fast. When a meter runs fast the con* 
sumer is paying a higher rate per kilowatt hour than his contract calls for. He is being dta* 
criminated against. The periodic testing of meters is therefore a necessity and is an indicatioa 
of the honesty of intention of the manager toward the customers of his company. Meters 
oontroUing a very large amount of revenue may be tested as often as once a month, while t^ 
ordinary run of. meters should be tested at least once a year, once in eighteen months or once to 
two years, the period varying with different companies, different types and different oivk 
requirements. Commutator type meters, having comparatively heavy moving elements with 
consequent rapid increase in friction due to wear on the jewel and bearings, and a oommutator 
alOo increasing in friction with age, must have frequent and expert attention to Insuro their 
aecoricy under all conditions. 




HOW TO READ A METER 
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If the mete^ be read before retiring, the reading in the morning will 
show how much energy was consumed during the night, which will show 
in turn how many lamps were burning all night, 

A great deal of light can be saved by placing the lamps so that they 
will throw the light where it is needed and by placing small lamps such 
as 8 candle power and 4 candle power in places where not much light is 
needed, such as bath rooms, halls, cellars, etc. 

When the lamps get old and dim they should be replaced with new 
ones, as it costs about the same to bum an old lamp as a new one. An 
old 16 candle power lamp which is very dim will give only about 8 candle 
power and use about as much current as is required for a new 16 candle 
power. If the dim light be light enough, it should be replaced by an 8 
candle power lamp, which will not consume as much power as the old 
16 candle power. 



Fic. 1,461.-— Connections of Duncan model E. three wire, 4 binding post d.e. watt hour meter, 
300 amperes and less, 550 volts and less. 


Watt-hour Meter Tests. — Testing of watt-hour metere is 
most frequently accomplished by comparing the registration of 
the meter under test by a Rotating Standard, that is, a stand- 
ard portable watt-hour meter, usually having multiple tanjge 
current and potential windings. 
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This standard meter, fig. 1,461-2, is connected in series with 
the meter under test and the revolutions of the standard are 
compared with the revolutions of the meter under test for the 
same interval of time, allowance being made in the calculations 
for the disc constants of the two meters. 


MAW SWITCH 



Fio. 1,461-1. — Diagram of connections for testing of watt-hour meter. A bank of lamps of 
various wattages serve as load. The lamps are connected to switches whereby the load 
may be adjusted until a suitable value is reached. 


Where the value of the load is unknown it may be determined 
by timing the standard with a stop watch and comparing the 
value of the watts from the expression 

.p .. 3,600 X Revolutions X Watt-hour constant 

True watts = — — : ; 

Time in seconds 

The arrangement of the test circuit is essentially as shown in 
fig. 1,461-1. 


The rotating standard is operated by the potential switch, whidi starts 
and stops the standard, a reading of the standard is taken at the beginning 
and at the end of the test and the difference between these two readings 
^ves the number of revolutions of the standard. If no correction is to be 
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iqipiKd to tiie jtotating stantard, the per cent aaanacy of tile watt^xwr 
meter under teat ia obtained from equation 


Per cent accuracy 


khXr 

IChXi? 


Where 

rw revolutions of meter under test 
/{» revolutions of rotating standard 

watt-hour constant of meter under test 
/iCh» watt-hour constant of rotating standard 


The method may be facilitated by introducing an additional symbol 
values for which may be given to the tester in tabular form. 



l»46l-2.— ^Eiteniel vitw of GtH0ral MIeeMe C^mputy*t IB^ portable 
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IM ifo«»the number of revolutions the rotating standard should make 
when the tested meter is correct. 

The numbers of revolutions of two watt-hour meters on a given load vary 
inversely as their disc constants, then 

Rq kh 
7 

from which 



Substituting Ro in the equation for per cent accuracy 

D 

Per cent accuracy = ” X 100 

it 

£xamp/e.— In a certain test the rotating standard has a constant 
/ifh^O.OS and the watt-hour meter under test has a constant feh-0.5. If 
the number of revolutions of the meter under test, r*2, determine the 
number of revolutions of the rotating standard. 



Pm, I,461.».’~Vlew of ^emrai ElteiHe CampMy$ IB-9 portable watt-hopr meter itandard 
. Ifroracaie. 
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Soltttlon»-^ubstituting values in formula, we obtain 


Ro 


fehXr^ 0.5X2 
'Ki, “ 0.05 


That is, for 2 revolutions of the meter under test, the standard should 
make 20 revolutions. 


Example , — Assume the rotating standard in the previous example 
actually made 20.24 revolutions, what is the accuracy of the watt-hour 
meter under test? 


Solution , — 


Per cent accuracy 


/?oXl00_20Xl00 
R 20.24 


=98.8% 


This actually means that the meter is 1.2% slow and should be speeded 
up slightly. 

Example,— In a test of a D.C, 15 amperes watt-hour meter, the cor- 
rected average volt and ampere readings are 220 and 14.75, respectively. 
During the test interval 38 revolutions are counted in 53.5 seconds and the 
meter constant is 1.25. What is the per cent accuracy of the meter at 
this load? 


Solution,— Averzge standard watts 

= 14.75 X 220 = 3,245 


Inserting our values in the previously given equation we obtain the 
average meter watts as 


3,600X38X1.25 

53.5 


3,196 


W ^ IQft 

Meter accuracy =^*^^=0.985 or 98.5% 
Wi 0,245 


The Rectifier Type Instrument. — Principally the rectifier 
type instrument consists of a D.C. instrument of suitable 
diaracteristics to which is connected a rectifier system usually 
consisting of a four element bridge of tiny copper oxide discs, 
thus permitting an alternating currerU of being measured. 

The copper-oxide type of rectifier instrument works on the 
principle that the electrical resistance of properly formed layer 
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of copper oxide on a coated surface depends upon the polarity 
of the applied voltage. If such a copper-oxide plate equipped 
with suitable contact means be connected in the voltmeter cir- 
cuit, as in fig. 1,461-5, the current fiow through the permanent 
magnet moving coil instrument will be as shown in fig. 1,461-6. 



WAVE SHAPE OP 
APPLIED VOLTAGE 



PERMANENT MAGNET 
MOVING COIL 
INSTRUMENT 




WAVE SHAPE OF 
INSTRUMENT CURRENT 


Fi 43B. 1,461-4 to 1,461-6.— Showing wave forms and method of connecting a D<C. permanent 
magnet moving coil instrument to a half-wave rectifier circuit. 
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As the ai^lted voltage increases, the unidirectional cnnient 
through the instrument coil will increase. 

An instrument indication thus will be secured which bears a 
rdation to the line A.C. voltage and the instrument scale can 
be marked in terms of A.C. volts. This arrangement is called a 
half-wove rectifier. 

An instrument of this type, however, would not be practical 
for most applications, because during the negative half-cycles 
during which no current flows, the rectifier must withstand the 
full line voltage. Copper-oxide plates are not well suited to 
withstand such inverse voltages, and in practice this arrange- 
ment is, therefore, seldom used. 

The most common method is to utilize four sets of plates 
connected in the manner as illustrated inflgs. 1 ,461-8and 1, 461-9. 
This arrangement is commonly termed a bridge connection. 
The bridge connection has been shown twice, to show the paths 
taken by the current during the positive and negative half- 
cycles, respectively. 

Although the foregoing methods of rectifier connection are 
most common, other arrangements are possible, and it is a 
simple matter to determine the method of operation by making 
of diagrams showing the current flow for each cycle in the man- 
ner previously illustrated. 

When using a rectifier instrument, it should always be borne 
in mind what the instrument really indicates, regardless of how 
the scale may be marked. A permanent magnet moving 
cdl type instrument indicates average values, and with the 
rectified sine wave shown in fig. 1,461-10, the average value is 
shown by the lower line. On altematiug current circuits, 
hpvrever, the root means square (r.m.s.) value is the quantity 
generally required. In fig. 1,461-10 this is shown by the hig^ 
line. 
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For a sine wave, the ratio and the 

average value 

instrument scale is marked directly in terms of the 7.m.$. value. 



ALWAYS IN THE SAME OtRECTION 



rtBs. 1.461*7 to l»46l-10.-*-Showiiig wave form* and method of connection when a D-C. 
instrument is ersployed on a fult^wave rectifier circuit . 
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For other wave shapes, this ratio is diffoent, and hence, a 
rectifier instrument reads r.m.s. quantities correctly only on 
the wave shape for whidi it is calilmted. This point must be 
in mind when using rectifier instruments to measure non- 
sinusoidal quantities, such as the outputs of constant voltage 
transformers, etc. 



Ficm. 1,461-11 and 1,461-12.— T^ical rectifier and circuit connection when used with a 
permanent magnet moving coil instrument. 


Fortunately, the errors resulting from this condition are 
generally less than 1% of full scale value. 

Some other points to be kept in mind when using rectifier- 
type instruments are: 

(a) Some aging of the rectifiers occurs in service. For this reason, the 
stated accuracy of rectifier instruments is often given as ± 5 % of 
full scale. Consecutive readings, however, will often duplicate to 
within a few tenths of 1%. 

(b) Exposure of the rectifier instrument to high temperatures such as 
SO^’C , or to chemical vapors, such as sulphur fumes, may cdiorten the 
life of the rectifier. 
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(c) The circuit of the instrument itself should never be opened when the 
rectiher is connected to the line* since this may allow fulMine voltage 
to be impressed on the rectifier plates* and may damage tlie rectifier. 



TRANS- 
FORMER 
I SECONDARY 
1 WINDING; 


MEASURING 

INSTRUMENT 


CONDUCTOR whose 
CURRENT IT IS DESIRED 
TO MEASURE 



RECTIFIER 






l|0 25 50 too 250 500 
SHUNT TAPS 


Fla. 1,461-13.— Typical aimifamant of a clamp^mnieter circuit with rectifier inttnanent. 


Despite these considerations, rectiher instruments play a very 
useful part in present day measurements, because the perma- 
nent magnet moving coil construction gives higher sensitivity, 
and a more uniform scale than it is possible to secure with 
moving iron or dynamometer types. 

Thermocouple Type Instrument.— Another device by means 
of which A.C. currents may be measured on a permanent- 
magnet moving coil instrument is known as the thermocouple. 

It is a well known fact that if a junction of two wires of dis- 
similar materials (such as iron and copper-nickel, for example) 
be heated, and the free co* cold ends be connected to a sensitive 
D.C. milli-voltmeter, a deflection of the instrumoit will take 



1,003-9 D.C. Indicating Instruments 


{dace. It is tipon this prindpie that the modem thermoooi;^ 
instmment operates. 

yPasn an A.C. current is made to flow throuj^ a resistance 
wire termed the heater, fig. 1,461-15, it will raise the temperature 



Fro. 1,461-14.— View of typical thermocouple converter. Principally the thermocouple 
converter oontitU of a small strip of platinum alloy through which the current passes, the 
thermocouple being heated by that current. The temperature elevation of the center of that 
heated conductor is toen measured by a thermocouple connected to a D.C. instrument. 



Fwi. 1,461-15.— Basic type of heating etement and permanent magnet moving coil for indkiticm 
direct, alternating and radio frequency currents. In the thermocouple a poteniiat is 
gaisenited in the junction P, of the two dissimilar metal F0 and FC. The tempedstum 
sd F, Is Increased over that of JunctiOD Oaad C, by current 6owiqg throtifl^ the w^ at 
This potential causes a direct current to flow through the indicating mechanism which W ai 
of the heating current in ftC. 
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(rf the junction, thus smling a current through the instrument. 
Since the resistance of the heater remains practically constant, 
tl» instrument scale can be marked in terms of the current 
dounng in the heater circuit. 



Pro. 1,461 ’Id.— Showing arrangement used for cold junction compensation in a thermocouple 
inetniment. Here the compensating heating element produces a thermo-electric voltage in 
the couple DCF, which is a function of the current which flows in the circuit BC, and causes 
a temperature rise at point F. Since the couple voltage developed is a function of the tern* 
peiature difference of its hot and cold ends, this temperature di.Terence must be caused only 
by the current being measured. For accurate measurements then, points D and C, must be 
at the mean temperature of point B and C. This is accomplished by attaching the couple 
ends D and E, to the center of separate copper strips whose ends are thermally in oontaet 
with B and C, but woich are electrically insulated from them. 


Also, as the temperature attained by the heater is propor- 
tional to the square of the current (P) flowing through it, the 
instrument scale will have the appearance indicated in fig. 
1 ,461-17, that is, it will not be uniform, but will open up greatly 
as the current increases. 

Ihe voltage from a thermocouple is ];m>portional to the 
diffo-enoe in temperature between ^e heated junctkm and the 
pcwt at which the thermocouple wires are connected to the 
copper leads of the instrument. Therefwe, any change in llie 
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temperature pf this latter connection point would result in an 
error in instrument indication. 

To avoid errors caused by this condition, it is common 
practice to terminate the heater in rather massive blocks, and 
then bring the point at which the thermocouple leads join the 
copper circuit into good thermal contact with these blocks. 
This is usually done by connecting the leads to a thin copper 
plate, and separating them from the block by a thin mica strip. 
This is called cold-junction compensation (see fig. 1,461-16) and 
serves to maintain the connection at a fixed relation to the 
temperature of the heater. 



Fxo. 1,461-17. — ^Typical scale of a standard 
Btaetrit Co, 


thermocouple instrument. 


Courtesy Gonorat 


The milii-voltmeters, used with thermocouples to measure 
curr«it, must necessarily be more sensitive than those used 
with ^unts, because the e.in.f. developed by a thermocouple is 
quite small. Fm* example, such a thermocouple may have an 
ouQMit ventage of only 15 milli-vcdts and an internal reastance 
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of 5 oluns. This means that thernuxouple instruments should 
be carefully handled, ^ce the construction is necessarily 
somewhat delicate. 

Thermocouple instruments generally will stand 50% over- 
load continuously but ance the temperature of the heating 
system rises as tihe square of the current, overload should in 
general be avoided. Even if the thermocouple is not burned 
out there may be some evaporation of the metal in the heater 
which will cause the readings to be a bit higho- than the true 
calibration. 


Pointer 



Fko. 1,461-18.— Pole pteces arrangement to obtain lyiDmetrical acale diviaion in a thsnnoooitple 
iaatmnient. Courtesy Cetmal Eteetric Co. 


The **Kiuare law” scale of the instrament because of its linsymmetrical 
diviaions'is hii^hly Undesirable in certain applications, and while very littk 
can be done with the thermocouple itself toovoroome this, certain modiiica* 
tions can be made in the design of the instrument proper to give an almost 
linear scale indication. 
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The most common method to accomplish this is to so ^pe the magnetic 
pole pieces so that the magnetic flow wW be less when the coil moves txptmi 
the up'Scale poi^tion. A schematic view of such a design is shown in flg. 
1,461-18. With the resulting scale distribution in fig. 1,461-19. This 
weakening of the field which lowers the instrument sensitivity as the ooH 
moves up-scale tends to compensate for the square law relation. 



Flo. 1,461-19. — ^I'ypical expanded scale of a thermocouple instrument. Courtasy 
£ketrk Co. 


TEST QUESTIONS 

1. How are ammeters and volt meters classified? 

2. Describe the moving iron type instrument. 

3. What is the principle of the moving coil instrument? 

4. How does the winding differ in arruneters and volt 

meters? 

$. 'Why is a high resistance coil used with a volt meter? 

6. How is an ammeter and volt meter connected? 

7. Describe a solenoid or plunger ammeter. 
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8* Describe a magnetic vane instrument. 

9. Describe an inclined coil instrument. 

10. How does a hot wire instrument work? 

11. What is the principle of electrostatic instruments? 

12. Explain the construction and principle of the Thom- 

son astatic instruments. 

13. What are multipliers? 

14. What is an electro-dynamometer, and how does it 

work? 

15. How is the electro-dynamometer adapted to measure 

volts or watts? 

16. Explain how a watt meter is installed. 

17. Describe the Sangamo mercury motor watt meter. 

18. How does the thermocouple and light load adjustment 

of Sangamo meter work? 

19. Give a practical and accurate method of plumbing a 

meter. 

20. Describe the method of testing a meter. 

21. What is the construction of the Duncan meter? 

22. Explain the method used in testing a watt-hour meter. 

23. How may an alternating current be measured on a 

direct current instrument? 

24. Upon what principles does the copper-oxide rectifier 

operate? 

25. Describe a thermocouple instrument. 

26. How may a thermocouple instrument be designed to 

obtain approximately uniform scale divisions? 
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CHAPTER 3&A 

Direct Current Relays 

Direct Carrent Voltage Differential Relay : (Operating Prin> 
dples).— This type of relay is used where it is desired to protect, 
against unbalanced voltage in Edison 3-wire system. 

The principal parts consists of two (^lerating coils; two 
loungers (one in each coil) a balance lever; two adjusting levers 
and ^ngs; movable and stationary contacts; supporting frame 
and cover. See fig. 2. 

The coils consist of potential windings and ate coimected into 
service so that one coil is connected across one dde of the 
system between the positive and neutral lines; the other cdl 
across the other side of the system between the neutral and the 
negative lines, as shown in wiring diagram fig. 1. 

When the coils are energized there is generated a flux which 
exerts a pull on the plungers located within the hollow centers 
of the coil spools. With normal balanced voltage applied to the 
onls of the relay, an equal pull is exerted upon each plui^. 

On the other hand when an imbalanced voltage occurs, the 
pull exerted by one coil is greater than that of the other, which 
actimi finally results in dosing the contacts of the relay, which 
in turn will energize tl^ definite time relay, tripping the circuit 
txeaker through the action of the shunt trip coil. 

By the use of suitable resistors this type of rday is adapted to 
any ordinary direct current voltage. 
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Direct Cnircnt Power Direciioiial Relay: (Operating Rrin- 
dpies). — Reference to fig. 3 will assist in dearly understanding 
the prindpal of operating the direct current power directional 
relay. The armature is exdted by the potential winding so that 
a magnetic flux is introduced. 

The stationary magnet frames are magnetized by the current 
element when current is flowing. If the polarities are as in the 
figure, the attraction between the poles of opposite polarities 
tends to rotate the armature in the counter-clockwise direction. 

It is pulled in the same direction by the spring and thus it 
is normally held agziinst the stop whether the current is active <»* 
not, but if the flow of current reverses, the polarity of the 
stationary poles are reversed, and the torque exerted is also 
reversed. Tius torque depends directly upon the value of cur- 
rentflowing. 

When the reversed current is of sufficient value, the torque 
exerted overcomes the pull of the spring and the armature 



diagram illiiitnting opentiog prindpfes of direct < at pONdr dIrad' 

ticgiai relay. 
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rotates in the ckxrkmse direction. This action causes the roov* 


Fig. 4.— -Diagnim of cannection for direct oirrent power directional relay. Breaker is tripped 
on reverae power hy means of shunt trip coil. 



Fig. S.-^-Bxtfsrior view of direct otnent power directioiial relay lor mounting on Uuninaled 



able contact to dose against the 
stationary contact. With suit* 
able external connectums, this 
action trips the oil circuit 
breaker. See diagram fig. 4. 
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tHrect Cnrroit Combined Power Directional and Under* 
power Relay .-^A relay of this type is applicable to any direct 
current circuits where very sensitive power-directional operation 
is required, and may be used for the following purposes: 

1. For operating alarm circuits or disconnecting direct cur- 
rent generators in motor-generator sets when miming light, due 
to the loss of motor supply. 

2. For operating alarm ciroiits or disconnecting synchronous 
converters from the direct current bus, when the alternating- 
current supply fails. 

3. To protect against damage which may result from a 
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4. In any case when power is flowing in the direction deto*- 
mined fra* die functioning of the relay, it is desired to disomnect 
a circuit, i»event a circuit from being disconnected, or to 
(qiaate atudliary circuits. 

5. In automotive switching equipments for protecting motor- 
generator sets and synchronous converters against reversed flow 
of power, and fca* shutting down the machines when power 
demand has decreased to a pre-determined value. 



7.— FVoot view of under-pofoer iiid power-difoctioiiil (Ftont ond top cover n- 
nxyved)* 


operating Prindplea.— An apinedatkm of the manmy in 
which this type of relay operates can be obtained by reference 
to figs. 6 and 7. The current in the potential windingmagnetues 
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the side t>lates, and pole pieces. This excitation does not 
pause any movement of the armature. 

However, udien current flows in the normal diiectimt in the 
current element, the armature is magnetized, as indicated^ 
and the magnetic reaction between the statimiary and movable 
poles tends to rotate the armature (as viewed from the top) 
in the clockwise direction. 

Current flowing in the opposite directicm reverses the ptdari- 
ties of the current element and the rotating tendency is in the 
(q}posite direction. 

When the armatvue moves to the right, the control lever 
rotates about the pin B, tensing the upper spring, which is 
connected to the power-directional lever. 

When the armature moves to the left, the control lever rotates 
about the upper pin A, thus tendng the lower spring whidi 
is connected to the under power calibration lever. 

Under normal load conditions a torque is produced which 
causes the armature to hold closed the under power contacts 
against the tension of the lower spring. When the power falls 
below a pre-determined value, the torque exerted is decreased, 
the spring overcomes the decreased pull of the armature, and 
the under power contacts are opened. 

Upon reversal of power flow the torque reverses and the 
armature forces open the power-directional contacts against 
the tension of the ui^ spring. 

The positions of the movaUe armature, and consequently 
the ccmtacts for the various omditions of excitation of the 
rdlay are follows: 

1, With the relay coite de-energized the contnd lever just 
touches the A and B, and the right hand contacts the 
rday ace do^; left-hand contacts open. 

2; When tiie potential cdl <mly is energized, the left-hand 
ficatacts of the relay are open and ^ right-hand oont(K:ts dosed;. 
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3. (tf) With both coils energized, and \nth nonnal current 
jloudng in the proper direction, the armature is moved to the 
left, holding Ihe left-hand contacts closed. The ri^-hand 
contacts are also closed. 

(6) With undercurroit fk>w, the armature is pulled away 
horn the left-hand contacts allowing them to (q)en. The other 
contacts rem£dn closed. 

4. When the current coil is energized with current flowing in 
the reverse direction, the armature is moved to the rig^t, 
(^)ening the right-hand contacts. 



C<Vper Shunt.— When current to be controlled is of a value of 
200 amperes and more, a special copper shunt is used, so as to 
obtain the same temperature co-e0icient in the shunt as in the 
current coil of the relay. Thus the calibrations of the relay 
are essentially the same irrespective of the nmmal changes in 
climatic comhtions. Typical shunt connectimis are illustrated 
in fig. 8. 
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The wiring diagram fig. 9 shows a direct-current machine 
connected to buses through an air circuit breaker and a coppex 
shunt for use with the relay. The potential coil of the relay is 
connected in series with an auxiliary switch on the air circuit 
breaker. 



The power-direc- 
tional contacts of the 
relay function to 
open-circuit the coil 
of the und r voltage 
device, when the flow 
of power reverses, 
thus causing the air 
circuit breaker to 
open. When the 
breaker opens the 
auxiliary switch also 
opens, and voltage is 
removed from the 
potential coil of the 
relay. 

The current flow- 
ing having reduced 
to zero, the power- 
directional contacts 
automatirally return 
to their normally 
closed position. 

The connection to 
the under poww con- 
tacts consists of an 
alarm signal which 
will notify qierator 
that die power de- 
mand hag decreased 
below a i»e-deter- 
mined value. 


Fas. 9.-— Oonneetion dfatginiin for ttiid€r>pow«r tnd power-diicctionftl relay. 
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CHAPTER 39 


Testing and Testing Apparatus 

The practical electridan frequently has to make tests of 
various kinds which require the rapid and accurate measurement 
of voltage, current and resistance. It is therefore essential that 
he understand the methods employed in testing and the opera' 
tion of the mstruments used. 

Most tests are made with a galvanometer, and the devices such as re. 
sistances, switches, etc., which are used in connection with the galvan- 
ometer may be obtain^ put up in a neat and substantial tox together 
with the galvanometer, die combination teing called a ‘‘testing set.’* 
Numerous forms of testing set are illtistrated in this chapter. 

The construction, use. and operation of the various types of galvan-^ 
ometer have been explained in chapter thirty-seven. Ammeters and volt 
meters, which are simply special forms of £^vanometer. and which are 
largely used are fully described in the preceding chapter. 

Preasure Measurement.— An electromotive force has been 
dfdined as that which causes or tends to cause a current; it is 
analogous to water pressure; potential difference corresponds to 
diffa’ence of level. The total electromotive force of a circuit is 
indepeident of resistance <x current, and cannot be limited to 
mean the fall of ja^ssure between any two points, as for in- 
stance the terminals of a battoy. 

If llte piewun of a battery be two volts vtan ineaannd on open dnnh 
fay a static vdtmeter, there will etUi be two volte on doeed circuit, but 
ttere will now be a loss of pressure through the interns] resistanoe of d>e 
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battery and tbe voltage across the terminals mil be less than the Istol 
voltage. The static volt meter, never closing the circuit, actually measures 
tte total voltage. 

Qilea. Wlmt mor is introduced in measuring the pres- 
mre of a battery vHth an ordinwy vtdt metw 7 



Rtii. 1. 462 .^-Clark cell (Kahle’s modification of the Rayleigh H lorm), the standard for the 
International volt, ihie cell has for its positive electroder mercury, and lor its negative 
clectiode, amalgamated sine. The electro yte consists of a saturated boludoti of sine sul- 
phate and mercurous sulphate. The pressure is 1.434 volts at 16® C , and between 10® C. 
and 25* C. the pressure decreases .00115 of a volt for each increase of I® C. The containing 
‘glass vessel consists of two limbs, closed at bottom and jo ned above to a common neck 
fitted with a ground glam stopper. The diameter of the limbs should be at least 2 cms.* 
and their length at least 3 cms. The neck should be not less than 1 .5 cms. in diameter. At 
iSkt hbuom of each limb a platinum wire of about .4 mm. in diameter is sealed inrough the 
To set up the cell, place mercury in one limb, and in the other hot liquid amalgeniv 
containing 90 pans mercury and 10 parts sine. The platinum wires at the bottom must 
ha completely covered by the mercury and the amalgam* respectively. On the mercury* 
ph»a a layer 1 cm. thick of the sine and mercurous suli^iate pmte. Both this paste end 
the idnc amalgam must be covered with a layer of the n^lral sine sulphate crystals 1 cm* 
thtek. The whole vessel must tlicn be filled with the saturated sine sulphate eohition* and 
the ihmper Inserted so that it w,U just touch it, leaving* however, a sm^ bubble to guard 
aih^t meakage when tlie temperature rises. Before finally inserting the glass stopper 
A sf^aSg aloohQtic solution of shefiac is Cpplied to the upper edge, after which the etop^ 
It ptesetd fimaiy In place. 
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Am. Smoe the measurement is made on clmd mmt the 
reading docs not give the total i»e8suie of the battery. 

The error is very slight because the resistance of the voltmeter is vary 
high and the current so small that the loss of pressim in the battery can 
be ne^ected. 



Fits. 1»463.— Weston Cadmium CeU. Itismade in two forms; one known as the Weston ikiniial 
cell, in which the solution of cadmium sulphate » saturated at all tempereturas at wlM 
the cell may be used. Theother, known as the Weston standard oellr in wbtdi the cadminni 
sulphate solution is unsaturated at all temperatures above 4^ C. The Weston nomal 
or satinatcd form is slightly affected by changes in temperature, but, on account ol the Isct 
that it can be accurately reproduced, it was adopted by the London COnforenee in 190S, 
as a convenient voltage standard. The value of its voltage suggested by the committee 
of the London Conference on Electrical Units and Standards, and adopted by the Bummi 
of Standards at Washington, Jan. Ist, 1911, is 1.01S3 International volts at 20* C. At any 
other tcmperetun it, voltage ie: 

Et -Sm- X) 0004 (l 6 (t- 2 (»-. 00000 (W 5 (t- 20 )>+ .0000000 (t - a0«)> 

The Weston standard cell, or unsaturated form is practically unaffected , by changes hi 
temperature and it the form most commonly used for laboratory work and genaral tsitiag* 
The average praemre of thie form it 1.0187 Int. vdte. 


Quefl, Define the Interaadonal volt. 

Am. It is the ekc^omotmjotce that, steadily applied to a tm- 
det/dn whose resistance is one International ohm, ioill produce a 




1,008 T45tmg and Testing Apparattis 

current of one International ampere, and yohkh is repretented 

1 000 

si0ciently weU for practical use by of the voUage between 

the poles of the Clark cell at a temperature of 15 ** C., when pre^ 
pared as in fig. 1 , 462 . 



T,464 and Steam pump showing by hydraulic analogy the difference betwm 

amperes and coulombs. If the current strength in fig. be one ampere, the quantity 
of electricity passing any point in the circuit per hour is 1 X W X 60 3,600 

coulombs. The rale of current flow of one ampere here illustrated may be compared to the 
rate of discharge of a pump as in fig. 1 .464. Ass’iming the pump to be of such sise that it 
discharges a gallon per stroke and is making 60 strokes per minute, the quantity of water 
discharged per hour (coulombs in fig. 1,461) is 1 X 60 X 60 « 3,600 gallons. Following 
the analogy further (m fig. 1 .465), the pressure of one volt is required to force the etectridty 
through the resistance of one ohm between the terminals A and B. In fig. 1 .464, the boiler 
must furnish steam pressure on the pump piston to overcome the friction (resistance) offered 
by the pipe and raise the water from the lower level A', to the higher level B'. The differ* 
enceof pressure between A and B, in the electric circuit corresponds to the difference of 
pnutte between A' and B'. The cell furnishes the energy to move the current by main* 
tnining a difference of pressure at its terminals C and D; similarly, the boiler fumishsi 
energy to raise the water by maintaining a difference of pi e e m re between the etepm pipe C* 
and etnaust pipe D\ 

The rdatkm between the unite volt, ampere and ohm, is shown amphk 
ically in figs, 1,464 and 1, 465. 
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Cwrait Meainiremait.— It is necessary to adiqit some 
arbitrary standard in (ader to oomiaie currents of diffoent 
strmgths. The term strengfk of a current, <x current strength 
means the rate of flow past any point in the circuit in a gmn 
unit of time. 

The unit of current, called the empire, is defined as the unearying cimnU 
which, when passea through c solution of nitrate of sileer in water (15 per 
cent, by weight of the nitrate) deposits sUm at the rate of .(X)111S gramme 
per second. 

Quee. How much copper ot line wiU one ampere d^oett 
in one second? 

Ans. .0003286 gramme of copper in a copper voltameter, 
oc .0003386 gramme of zinc in a zinc voltameter. 

Qnes. What is the difference between an ampere and a 
eonlomb? 

Ans. An ampere is the unit rate of flow of the current, and 
a coulomb is the unit quantity of electricity, that is, the ampere 
is the rate of current flow that will deposit .0003286 gramme 
of copper in one second and a coulomb is the quantity of elec* 
trkdty that passes a given point in one second when the current 
Btren^ is one ampere. 

In other words a coulomb is an amptre second. 

Example.— It an arc lamp require a current of 8 amperes, how nwKli 
dectiidty does it consume per hour? 

Since one coulomb<*one ampere second, the quantity of dectiicity coo* 
aumed per hour is 

N0T£^4 euteaiuummr it not a meaturing inttnunant and thould not be wed at audu 
ampt in caaet wbaie no better nethod it avi^lable; ibr eiample , the measurement of inaalatioo 
reeietnnoe. Wtiere drcnmetancee are tuch that a gatvanometer must be need te a m e aeuri n g 
inif^ment, it ahould be calibcatad with such fnequency at to beoome, in effect, a trinilir 
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Vdtameter.— A voltameter is an electrolytic cell emi^yed 
to measure an electric current by the amount of chemical de- 
composition the current causes in passing through the cell. 
There are two classes of voltameter: 

1. Weight voltameters; 

2. Gas vdtameters. 



1 ,4€6.— Queen weight voltameter lor determining the strength of current by the weight of 
metal deposited in a given time. The two outside plates form the anode and are joined 
together and to one binding post, while the cathode is placed between them and connected 
to the other binding post. The cathode thus receives a deposit on both sides. An adjustable 
arm serves to lower the plates into the electrolyte. To calculate the strength of an un- 
Itnown current which has passed through a weight volt.meter, 4ipid§ tha gain in weight 
tiw number of seconds the currant flews through the instrumsnt and by the weight defiosHed by 
one ampere in one second. That is. (for coppsr voltameter) current strength in amperes * 
gahi in weight 4^ (time in seconds X .00(^286). 

Qaes. What is the difference between these two clsssea 
of vfdtameter? 

Ant. In one, the current strength is determined the 
weight of metal deposited or weight of water decompceed, and 
hr the other by the volume of gas liberated. 
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Fig. M66 shows a veigfat voltameter and fig. 1,467 a gas vcdtametar. 


Ones. How should the plates of a weight voltameter be 
treated beftNre use? 

Ans. They must be thoroughly cleaned and poli^ied with 
sand paper, the sand being afterws^ removed by placing them 



Fio. 1.467.>~<3BSTOltaineter (or determining the ttrength of cur- 
rent by the voiume of gas evolved. To use, connect up m 
shown in the illustration. Adjust so that the aero position 
of the burette is about one-half inch below the leverof the 
topoftheUtube Pour acidulated water into the mouth of the 
burette till the water in the U tube is about one-half inch from 
the top. With the electrodes inserted through the corks* core- 
fully place each one in position by giving a slight twist to the 
right as the cork enters. The water level in ^ U tube and 
burette should DOW be the same or further adjustment most be 
made to attain thia result. The level in the burette doss not 
necessarily have to correspond with the aero greduatton* but 
must not be below it. Unclamp the burette and hold it neatly 
horizontal. The liquid will not run out if the corks be tight, ac- 
cordingly thisisthe oir kahugetest. Attach the connectors aad 
wires from the current eource (which should have a pressure 
of 2 or more volts) placing a switch in the circuit. When th 
■witch is closed, Imbbles of gas will rise in the U tube from 
both electrodes, d^acing the water and forcing it up the 
burette. Hydrogen will be liberated over the native elec- 
trode, and o^gen over the positive electrode in the pro- 
portion of twice as much hydrogen as oocygen. To calculate 
the current strength, divide' the volume of gas liberated by ike 
lime in seconds, and by the volume of gas liberated (in eukk 
centimeters) by one ampere in one second and by .1733; that Ik 
amperes volume of gas liberated (time in seconds 
X .1733). 


in ruimmg water. Tlu fingers must not be placed on my part cf 
the plate which is to receive the deposit. 

Ctnes. What form dt voltameter has bera seleeted te 
meaemw the International ampere? 

Ans, The silver vdtameter arranged as here spedBed. 
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The cathode on which the silver is to be deposited dull take the form 
of a platinum bowl, not less than 10 cms. in diameter, and from 4 to S 
one. in depth. 

The anode shall be a disc or plate -of pure silver some 30 sq. cms. in 
area, and 2 or 3 cms. in thickness. This shall be supported horisontally 
in the liquid near the top of the solution by a silver rod riveted tiurougb 
its center. 

To prevent the disintegrated silver which is formed on the anode falling 
upon the cathode, the anode shall be wraiq)ed around with pure filter 
paper, secured at the back by suitable folding. 

The liquid shall consist of a neutral solution of pure silver nitrate oaik 
taining about 15 parts by weight of the nitrate to 85 parts of water. 

Qnes. What is the valne of the Intematioiial ampere as 
measured with the sUver Toitameter? 

Ans. The International ampere is rei^esented sufficiently 
well for practical use by the unvarying current which, when 
passed through a silver voltameter (as described above) deposits 
stiver at the rate of .(X)1118 gramme per second. 

Ohm’s Law and the Ohm. — ^The various tests here described 
depend for their truth upon the definite relation existing be- 
tween the electric current, its pressure, and the resistance 
which the circuit offers to its flow. 

lliis relation was fully investigated by Ohm in 1827. Using the mun* 
conductor, he proved not only that the current varies willi the pressure, 
but that it varies in direct prqxrrtion. 

Ohm’s law has already been discussed in a previous chapter 
and the several ways of expressing it are repeated here for con* 
vmiienoe: 

, . vdts 

1 . Axnpexes’-^^; 
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2. Volte ■■amperes Xohins; 

3. ffluns. • 

amperes 

Various values have been assigned, from tone to time, to 
the dun cr unit of resistance, the unit in use at the present turn 
being known as the International ohm. This was recommended 



tn* The Iniarnmilonttl ohm. By defmitkm. tha raaittatma af 14.452 grmimm af 

mafotry in tkaform nf m column of uniform cross section 106 3 cantimatars in lan0k, at « tanh 
porsdura of 0* C. Thu k appeojUnm^y e:|utvalent to a coittiiui 106.3 cm. long, having a 
uniforra ctOM oection of 1 aq. min. In the figure the lealatanoe of the external dfoiit imd 
the acanctard one volt oeU ia amnmed to bf aero. 
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at the meeting of the British Association in 1^, was a<k^)ted 
by the International Electrical Congress held in Diicago in 
1893, and was legalized for use in the United States by act of 
Congress in 1894. The International ohm is graphically 
fined in fig. 1 ,468. The previous values given to the dun which 
were more or less generally accepted are as follows: 

The Siemens* Ohm.^A resistance due to a column of mercury 100 cm. 
long and 1 $q, mm. in cross section at O'* C. 

B. i4. {British Association) Ohm^-^A resistance due to a column of 
mercury approximately 104.9 cm. long and 1 sq. mm. in cross section at 0^ C. 

Legal Ohm.— A resistance due to a column of mercury 106 cm. long and 
1 sq. mm, in cross section at 0® C. This unit was adopted by the Paris 
conference of 1884. 


OHM TABLE* 



Date 

Inter- 

national 

•Ohm 

Legal 

Ohm 

B. A. 
Ohm 

Siemens’ 

Ohm 

International Ohm. 

Legal Ohm 


1. 

.9972 

.9866 

9407 

1.0028 

1. 

.9894 

.9434 

1.0136 

1.0107 

1. 

.9535 

1.0630 

1.0600 

1.0488 

1. 

B. A. Ohm 

Siemens' Ohm 




Practical Standards of Resistance. — ^The column of mer« 
cury as shown in fig. 1,468, is the recognized standard for re« 
sistance, however, in practice, it is not convenient to compare 
resistances with such a piece of apparatus, and therefore sec- 
ondary standards are made up and standardized with a great 
degree of precision. These secondary standards are made of 
wire. The material generally used being manganin or platindd. 


the ebotm table to reduce* for inetloice* &itieh Anocistioiiohliif to lofor* 
f^tiotiftl eikmMt midtiply by .9666, or divide 1.0136: to reduce legul oihim ta lateemOAmml 
uhme* fotiltiiny by .9972. or divide by lOCufS, etc. 
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Reristance Messnrement. — Resistance is that which offem 
opposiHtm to the flow 0/ electricity. Otm’s law shows that the 
strength of the current falls off in proportion as the resist- 



Fxo. 1,469.— Leeds and Northrup resistance standards. National Bureau of Standards typeii 
herD^tically sealed in a neutral oil to overcome changes due to atmospheric conditions. 
Accuracy of 1% for total energy of ^ watt, of 1% up to 1 watt. The principal 
requiremeni in a reatstancc standard is that its resistance value be definite wiUdn the 
required accuracy, under definite conditions. For the sake of convenience the value of a 
standard should be definite under all usual conditions of normal use. However, for work of 
the utmost accuracy, it is often necessary to resort to the use of temperature control by 
means of oil baths. 


Fxo. 1,470.— Leeds and Northrup standard resistance Reichsanstalt type .1 ohm; adjusted at 
20* C. Low resistance standards may be properly divided into two classes; 1, those which 
are designed primarily as resistance standards, and 2, those designed as current carrying 
standards. Those of the first mentioned dass are often used to measure currents up to their 
capacity. The above standard has both pretoure and current terminals. The binding posts 
for the former are mounted on high posts so as to be easily accessible when the standard l| 
ipuanned in qU. When used as a resistance standard of preeiston, it should not be subjectea 
ba ciurrent of more than one ampere, and when used at a cuitent canyitig atandaniof leseer 
afioinrv. » current of 2 or C amperes may be used. 
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There are various methods by which an unknown reastance 
jtiay be measured, as by the: 

1. Direct deflection method; 

2. Method of substitution; 

3. Fall of potential method; 

4. Differential galvanometer method; 

5. Drop method; 

6. Volt meter method; 

7. Wheatstone bridge method. 



Fio. 1 ,471 . — Direct deflection method of testing resistance •; a U8e''iil an I simple method which 
may be used in numerous tests. Galvanometer readings are taken through tlie known and 
unknown rcaiAtance., and the current being proportional to the ce.'lcctions. the value of the 
unknown resistance is easily calculated. 


Direct Deflection Method. — ^This method is based on the 
fact that the greater the current through a galvanometer die 
greater the deflection of the needle; it is a simple method and 
is capable of extended application. 

Tl» apparatus r^uired consists of battery, galvanometer, 
known resistance, and double contact key. The connections 
are made as in fig. 1,471. 

The kiHW’n resistance is put in circuit with the galvanometer and isftv 
noting the deflection, the key is moved in order u cut out the blown 
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resistance and throw into drcdt the unknown reslstanoe. The deflection of 
the galvanometer is again noted and compared with the first deflection. 

If the deflections be proportional to the current, the unknown resistance 
will be as many times the known resistance as the deflection with the 
luiown resistance is greater than the deflection with the unknown renstance. 


Method of Substittttio]i.— This is the simplest method of 
measuring resistance. The resistance to be measured is inserted 
in series with a galvanometer and some constant source of 


o 
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Fte. l,472.<-Sttbitieation laethod of tntinarafistaiiow. Theooiifiections and apperatut an tha 
wme « bi fig. 1.471, dccpt that a n^atance boa fa toed in place of the known mistanca. 
la aMking tha teat, fint noca daflactioD with unkoowa raaiataaoe in circuit, then piaai 
laqr aothat the currant wUl paaa through *ha raaiatanoa box. and adjuat tha caaiatanoe in 
the hoK ao that the deflection of the galvanometer ia about the aame aa with the unknown. 
Now twitch from thU circuit to the other, changing tha tedstanca In the bos until equal 
dafleetkaia are obtained. When thla obtaiaa, the laaiatanee in the bos ia tha aame aa tha 





fW. boot or aet of ttaii4»rd high reiiatanoeB. . The box ootitiiiia flvo niift* 

gm of ohma tach. Tte aia i^llara are pettioMit inauiated, the raaiatajoaea Mpg 

plaoad hatweeo each pair of pUlara. Itee la ■ dopble oootact poat oo top <4 piUar 
ao that thaae can be conneetad togetber with copper linkl. 
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of tbe adjustable resistance thus obtained is equal to that <d 
the resistance be^ tested. 

Ques. What kind of adjustable resdstance is used in mak* 
ing the above test? 

Ans. A resistance box. 



Pto. 1, 475 Leeds and Northrup Standard high resisiance box, 100,000 ohms equipped with 
short circuiting switch. When the switch is thrown to the right the box is short drcuited 
and when thrown to the left the resistance of 100,000 ohms is placed in the circiut. 

Fro. 1,470. — ^Standard resistance box; 100,000 ohms, in four tmits of 10,000, 20,000, 30,000, and 
40,000 ohms. An **uifmity*' plug separates each coil from the ones adjacent, ^gments are 
elevated from the hard rubber top by special washers in order to increase insulation. Bind* 
ing posts are so arranged as not to be in the way when plugs are used. 


Ones. Describe a resistance box. 

Ans. It consists of a box containing numerous reastanoe 
with their ends connected to terminals and provided with 
plugs so that they may be thrown into or out of circuit at will, 
thus varying the jiesistance in the circuit. 

fi^ of Potential Method.— This is a very simide method of 
measurins reliances, and one that is convonent fcK* practical 
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work in electrical stations because it requires only an ammeter, 
volt meter, battery and switch— apparatus to'be found in every 
station. The connections are made as shown in fig. 1,477. 

In making the test the ammeter and volt meter readii^ are 
taken at the same time, and the unknown reristance calculated 
from Ohm’s law. Accordingly, since: 

volts 




Awirm vooMEm 



SWITCH 


Fra. I 4477 .— Fall of potantial method of teatitig reaiftanoea; a oonvenknt method for teetiiig at 
atatioiie. requiring only the uaual InstninieDta to be found at a atatkm. The raalitaiiee 
Of tlia volt meter must be very high, otberwiae the teit must be made as in 0g. 1,479. 


solving for the resistance. 


dims’ 


volts 

amoeres 


.( 2 ) 
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1,021 


If in fig. 1,477 the readings show 6 volts and 2 amperes 
how many ohms is the resistance being tested? 

Substituting in formula (2) 

A 

Qoes. Can this test be made with any kind of volt metm? 



Ifn. 1.47S.— Fallof potieiitial method of testing re^tances; diagram showing oonnectkmt for 
testing with low resistanoe volt meter. The resistance measured with this connection will be 
the sum of the resistanoet of theooil and the ammeter. The resistance of the ammeter b 
usually known and can be subtracted from the aum to obtain the required teristance. 


Ans. Its resistance must be very high to avoid error. When 
a volt meter having small resistance is used, it should be ccm* 
nected so as to measure the M of pressure across both am- 
meter and unknown resistance as diown in fig. 1,478. 


IMffereatial Galvanometer Method. — This is what is knovvii 
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condition obtains, the resistance in circuit in the resistance box is equal to the umoiowii 
resistance, hence, a reading of the Ixnc gives the value of the tinknown resistanoe. 



1 ,480,^KiiQtt Traveling Plug resisunGe box, range 1 to l.ItO dhmii^ This boxis pmvidetl 
with brass blocks and ebonite top. Contains }2 coils rangi^ from 1 to 400 ohms, with total 
tesistanoe of 1.110 ohms. Tl;e usefulness of this box is increased by the addition of two 
, travaliiig ^ugs facilitating iu use in the comnarison o,' etoctromotive force of, Ifatteries, 
othf tests. 
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as a fiU or zero method, that is, a method of making elecbical 
ineasuranents in whi(^ comparison is made between two 
quantities by reducing one to equality with the other, the 
absence of deflection from zero of ^e instrument scale showing 
that the equality has been obtained. 

The test is made with a differential galvanometer^ and resistance box 
connected as in fig. 1,479. The current then will divide so that part of 
it flows through the resistance bemg tested and around one set of coila of the 
g^vanometer while the other p^t will flow through the resistance box 
and the other set of coils as indicated. 



V 10 . 1, 481 .—Siiigte contact and aliort circuiting key. This key is intended especially for nae with 
D’Anonval galvanometers in aero, deflection methods. The key is connected in circuit with 
the galvanometer so that whenever the key is not depreesed, the gal'^anometer it short 
circuited, and its oacUlatioDS quickly damped out by the currents induced in its 


When tlie resistance box has been so adjusted that its resistance is the 
same as the unknown resistance the current in the two brandies will be 
equal, and the needle of the galvanometer will show no deflection. 


Qoes. Wkat name is given to this method of testing? 

Ans. It is called a 2«ro method, distinguishing it frtnn de- 
flection methods. 

Ones. For what Idnd of resistance is the metihod adapted? 
Ans. ^nce it is a nil or zero meUiod. it is better adapted 
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to the meastuement of non-inductive than of inductive 
sistanoes. 

Qnes. What precantion should be taken vdth indmtive 
reabtances? 

Ans. The current must be allowed to flow until it becomes 
steady to overcome the influence of self-inducticm. 



Ques. What may be said with respect to the differential 
falvanometer method? 

Ans. With an accurate instrument it is very reliable. 

Drop Method.— Hiis is a convenient method, and one whidi 
may be used for measuring either high or low resistances with 
precisicm. It is used for many junctical measurements, and 
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reqiiizcs only a voltmeter, battery, known resistance and a two 
way switch. 

The instruments are connected as in fig. 1,482, and in nufidiv 
the test, the volt meter is switched into circuit across the known 
resistance and then across the unsown r^istance, readings 
being taken in each case. The value of the unknown resistance, 
is then easily calculated from the following pnH^mtion: . 

drop across known resistance known resistance 
drop across unknown resistance ~ unknown resistance' 

firan which 

unknown ) known resistance Xdrop across unknown resistance 
reastancej drop across known resistance 

Qnes. What may be substituted for the volt meter? 

Ans. A high resistance galvanometer, whose deflections are 
pn^rtional to the current, the value of the deflections being 
sutetituted in the formula. 

Ques. What precaution should be taken in making the 
teat? 


Ans. The current used should not be strong enough to 
appreciably heat fhe resistance, and if the current be not very 
st^y, sevet^ readings should be taken of i&ach measurement 
and tile average values used in the formula. 

Qnea. How are the moat accurate rcanlta obtained? 

Ana. By sdecting the known resistance as near as possflde 
to the supposed value of the unknown instance. 
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Toit M«ter M^od.— This is a direct deflection method and 
consists in detamining first the resistance that ^ d^ect the 
needle through one division of the scale cm a given battery 
cniient, then with this as a basis for comparism the vdt meter 
is connect across the unknown resistanoe whose value is 
easily calculated from the reading. 

In making the test, the instrumoits are ccnmected as in fig. 
1,483. The current finm battery is first passed throu^ the 
gsdvanometer by turning switch as shown. 



•NTTERY 

,L|.t UNKNOWN RtSISTMICe 


•ri'i 

VW.1.48S.— VoltiBatariBatliodortMtlnciwbuiioM. Kiiowfai(tlKMittaiica«(tliivaltMtar, 
tm Mritch to tilt teft sad bom ftadbif cdeuttta r ml rtin ee conttpond l m to oni SMltai 
of tht teria. Tten twttcb to right aal mdtlpljr nodiiig hr r wi tt i iir t nqolnd far dtSM> 
th» «( out divWao. TUt gitat imlittiiw of'voit mttw tod unkaoini r aa l i ttnto; toMnet. 
ttgfcBWtMtthtrmhttnctotooHmt targiTeiviliitofthtiiiikiiooiiitilrtanm. . 


AMuming the rwutanoe of the initnmieot to be 8,000 otnu sol thtl 
lae current defiects the needle thiDUid> 10 diviiioia of the ecale, then for 
« deflection of one dhridon the reeietance ie 

8,000X10*80,000 ohms. 

Acfioidinfliy, if, when the switch is moved to the right oaonecting the 
volt neter ecross the unknown lestotanoe, the needle be moved thna^ 
6 dhdrioae of the ecele, tile comUned resistenoe of the volt meter and un. 
knoim raeistanoe is 


80.0004-6-13333) ohms, 
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and cubstiactinK the resutance of the volt meter, the value of the un- 
known resistance is 

13,333} -8,000 -5,3331 ohms. 


Qnes. For what kinds of test is the volt meter method 
best adapted? 

Am. For measuring high resistances, as the insulation of 
wires, etc. 



Fio. 1 ,484* — Double contact key. It is of especial value in connection with a Wheatstone bridge. 
When used with the latter it forms a combination battery and galvanometer key. TIsb 
batteiy is wired to the top leaves of tbe key and the galvanometer to the lower leavea. 
Hence, when operated, the battery arcuit will be closed before the gAlvanometer arcuiti 
'm it is desirable to avoid undue disturbance of the needle. 


Ones. What may be said with respect to the eorrent used? 

Am. Its voltage should be as high as possible within the 
limits of the volt meter scale. 

Quo. In testiBg cable insolation what is desirable with 
respect to volt meter and current? 

Am. A low reading volt meter dbould be used in connectum 
with a large battery. 
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Wheatstone Bridge Metfiod.— For accurate measmemeutn 
of instance this method is almost universally used. 

The so called "Wheatstone" bridge was invented by 
C^Mstie, and improperly credited to ^^^eatstoI%, who 
sim(My applied Christie's invention to the measurenwnt 
resistances. 



lUt (tisBM bn beoame so fimly rooted that it iriil perlsuM have to be 
tiiderated. 

the hfid^ cona^ of a system of oooducbns as ^losnt in 
1,485. The circuit of a amstant faattar is made to faraodi 
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at P, mto two parts, ^n^ikdi re-unite at Q, so that part of the 
coirent flows throus^ the point M, the other part throc^ the 
point N. The four conductors A3>C,D, are spoken of as 
the arm of the balance or bridge. 

// is by the proportion existing betwem the resistances of these 
arm that the resistance of one of them can be calculated when the 
resistances of the other three are known. 



Pm. 1,486.— Knott hydrodynamic Wheamtone bridge for a study of the prindplas involvied by 
measurements of r^tance by the Wheautone bricKe methoa, using fall of hydtanllc 
pramure as an analogy to etectric pressure. On a polished woo *en baseboard it moonlad 
a system of tubes connected to form a Wheatstone diagram. In the *'arms*' are cedndng 
valves analogous to resistances. Pressures in the various arms are indicated by the mano- 
meters. In the **bridge" is a pressure indicator analogous to the galvanometer by connecting 
to one of the nipples and allowing a flow of water thrcsigh tlie apparatus, the fall of press ur e 
through the different arms may readily be noted. By regulating the reducing valves In these 
arms, a balance may be secured when no indicatioas of pressure can be noted in the **facidge.** 
The pressure in the arms will be noted in the manometer. 


When the current which starts from the battery arrives at P, the pnsa. 
ure will have follen to a certain value. The preesure in the topper branch 
filb agahi to M, and continues to fall to Q. The praeure of the toteer 
branch Ms to N, and again Ms till it readies the value id Q. Nov if 
N, be the eaine proportionate distance akmg the reeistancee between P 
and <2, ae M, ia akog the redstanoes of the tqiper line between P and Q, 
the prasaara win have Men at N . to the nine Vito as it has Men to at M; 
cr, in oUier words, if theratiooftlwredstanoeC, totiieiesistaiioeD,be 
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equal to the ratio between the resistance A, and the resistance B, then 
M and N, will be at equal pressures. To find out if this condition obtain» 
a sensitive galvanometer is placed in a branch wire between M and N* 
which will show no deflection when M and N, are at equal prcssm w 
when the four resistances of the arms “balance” one another by being in 
proportion, thus: 



fto. 1,4S7. — Knott cieticniitration Wheatstone bric^ge for a study of fall of potential and den 
onstration of the prhicipie of the Wheatstone bridge. This apparatus was designed for uas 
on the lecture table, which accounts for its generous proportions. Each arm of the bridge 
has an incandescent lamp inserted in it, so that whether current goes through that arm OK 
not becomes evident instanUy. A galvanometer <a piovided as part of the outfit. 



Pim. l,488.-^nott demonstration Wheatstone bridge, diamond form for practical application 
of Wheatstone diagram in determining resistance. As will be noted from the illustration, 
ail ooimectioiis and coi’s are mounted on a base accordixv to the Wheatstone diagram as 
found in standard text books. In the '‘ratio arms'’ are coils of 1, 10 and 100 ohms. The 
**Dalance arms” are provided with gaps each with non-detacbable binding posts, one pair for 
the "known" and one pair for the "unknown" resistance. Binding p^ts a^ a toy art 
provided for the battery and galvanometer cireuits. 
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A:C-B:D (1) 

Jf, then, the value of A, and C, be known» D, can be calculated. The 
proportion (1) is reduced to the following equation before substituting. 



For instance, if A and C, be, as in hg. 1,489, 10 ohms and 100 ohms re- 
spectively, and B be 15 ohms, D will be (15 X 100) + 10-150 ohms. 

As constructed, Wheatstone bridges are provided with some resistance 
coils in the arms A and C, as well as with a complete set in the arm B. 


H 



' ' ' a^TTERYKEY 

Fto. 1.4f9. — Diagram showiitg arms of Wheatstone bridge, resistances and method of oonnactiiig 
galvanometer, battery and unknown resistance. 


The advantage of this arrangement is that by adjusting A and C, the 
ratio between B and D, can be determined, and can, in certain cases, 
be measuFCMi to fractions of an ohm. In hg. 1,489 resistances of 10, 100, 
and 1,000 ohms are included in the arms A and C. 


Ones. Describe the method testing with the bridge< 
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Am. Fig. 1490 illustrates the ^general arrangement (tf re* 
oMances to be foimd in an mtiinary bridge. The connections 
are made as shown. In testing, first depress the battery key. 





F^. 1 , 490 .— Diagrwn flbowing usual arrangament of resistanoej in arms of WheataUm * bridge. 
inpmetlet the bridie is seldom or never made in tiie losenge shape of tlie diagrams, 
l/i Sand 1,1 9, these being gived merely for dearness. The resistance box of fig. 1,473 li.io 
ifadf, a complete **bridp,'' the appropriate counections being made by screws at varioiia 
psints. The letters in the above diagram corra s popd with those in figs. I,4b5 and 1»489, and 
the three figures should be carefully compared. 

then tap the galvanometer key. This should be repeated ad* 
justmg the resistances tiU no deflection is obtained, llie re- 
aistaoce then in the arm Bx(Ch-A), will give the valm of 
dm unknown resistance. 


Qimb. Why slionld the battery key be d^preeaed before 
dm fgvmo m^ key? 
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Aos. To avcdd the sodden swing of galvanomexer 
needle, whtdi occurs on closing circuit in consequence of self- 
inductkm. 


Qiies. How is it known whether too much or too HtQe 
resistuee be unplugged? 



Fka. 1,491 .-^Standard reustanoe Do« and Wheatatona brtdce. This pattern ia a modification 
of the Anlliony form of bridge. AU the mUtancea are wound upon metal apoola,. The 
bridge ratio coila are 1 10, 100, 1,000, 10,000. The rheoatat coila are arranged in five rows, 
of ten coito ea.:li. The ordinary decade plan (eztriained in fig. 1,196) ie followed. The coib 
may be joined in aeriea, in multiplef or in any combination of eeriea and multiple* The eoila 
may thua be cltccked againat each other in many combinatiooa. For inatanoe, all the ten 
ohm ooUa taken in parallel may be compered with any one ohm coil. Tbeprectakmofadjuit- 
ment la said to be|^% for the ooQa of the tenth ohm eeriea, and for the ooUa of the 

rheoetat. The ratio coUa are certified to be like each other to within |^. The boa la 
aoppUed with battery and galvanometer keya of eubetentlal conatrucrion. 


NOTE^Ibo lUthatfnilon baa been given in adiools to a thorough underatandlng of 
that baiic principle, fall of potential, fundamental to HVbeatatoiie bridge work. A etudent't 
incuttpleie underatending of fall of potential makee It difiBcult for him to underatand what he 
» striving to obtain when he vm ft Wheatatone bridie. Thia incomplete undereumdinfi ie 
due* pethepe. io the word of mouth deacriplioaa nni the hgdk of adequate Uluatrative dcomn- 
•trative apparetua. To picture for him the aetuid fell of potential, the Knott c'ememtrfttion 
eppHfttui ebown in the ecorenoanyint oite ia legommended* 
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Ans. The galvanometer needle will be deflected to one ade 
for too mudi resistance, and to the opposite side fox too little 
resistance. 



Fto. I,4d2.— Pohl commutator. This is equivalent to a two pole double-tliiow twitch. The 
deproeioiis in the base are mied with mercury into which the contacts dip in ckwinff the 
dtcuit. 



Fie. 1,49ft. — Ratio coils of Wheatstone bridge. Almost every box intended to serve at a Wheat* 
stone bridge is furnished with a set of coils which forms the arms of proportion or ratio arms 
of the bridge. There is a choice of several different ways of arranging these coils. The 
figure shows the simplest arrangement, which is employed in boxes not intended for the 



etc., are obtainable in this manner. This simple arrangement is open not only to the objection 
that the contact reststance of the plugs which remain in is always included with the resist* 
anosonpltigged, butajso to all other object one to be urged against the use oi many plugs where 
a few win do. Tlie method has the limitation that it is not possible lo reverse the arms of 
the bridge, that is, to transpose the arms A and B. 
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Pio. 1 ,494 .—-Method of reverBing arms of Wheatstone bridge with reversing blocks. The amnge* 
ment shown in the figure is classical, being that used in the English post-office type of Wheal* 
stone bridge. It is open to the objections which apply to the use of several ^ugs, one of 
which is withdrawn to obtain the desired resistance. 



Pra. 1,496.— 4Leeds and Northrup dial type Wheatstone bridge. There are five dial d eca d e^ 
10 X .1 -h 9 (1 + 10 + 100 + 1,000) ohms. Baalo Arnus ten coils, plug controlled, rever- 
sible, Z eadi 1, 10, 100, 1.000, 10,000 ohms. Aeewaegt 1,000, 100, 10 and 1 ohm deoadee, 
0.1 ohm decade, ratio coils, O^n&rmlt Large exposed stnda; type B 
Metal ipoob; individual oofi lor each ewitch p oeit k in; p er fo r a ted metal boa. 
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^ rSA/9 UNtTS ^ 

^ ~i •• ' ■ ... . '| ^ ^^.■■ M| f " "* "" I f— ■" I ■■■■■■■I « Paw, lf496 and 1«497,* 

O r-On */in -/^tr DiagramaUIUitwitinftbp 

fv-/ \-A^ ci«cadaplanoffiqml>|i^ 

/ UUT WMiUnce ooUt. M tiOi 

|a«/ V m«#*iH<thecoilt«racoB- 

0 LO. 1/^ nectediaiarteiaiidthear* 

JTx,/ Iv-/ Iv-/ rangenient avoidt ihe diiadvwiuie o( the 

^ L/^ ordinary Wheautonebrirgd ill that the lat- 

• terreuniresaiwgenumLerofidngitoiliort 

Lj^ |y^ circuit the resistanoe not in iiaet which 

^ r\^' introduces an eiement of ufioartaintyai to 

I^TN « I resisunoe of the plug contacts and the 

<5 neoeasityof adding up the values of all the 

1^^ I unplugged reeisiances in order to deter- 

6 •::(]> I I/ j mine the total rediitance in circuit. The 

I I I necessary regular success on of values in a 

T Jaj I i/ J r\\ rheostat buit on the decade plan can be 

f y^ obtained with cither nine or ten ooUa per 

B ' decade. The chief reason for using the 

iv^ latter number ie found in the facility with 

9 I Ms ' * which all the coils of one decade can be 

compered with one coU of the nest 

higher decade, thua perniitting the coils 
^ of a rhecsUt to te checked amoiig thettf 

sBlvee Thus, the ten I ohm coils can be checked with a 10 ohm. the ten lO’s with a 
100, etc. In some sets the ten coils of a decaie can be connected in series ot in 
parallel, and it li en 1 ecomes an advenlage to have ten coils to a decade, aince the coils in 
one decfule in iKirallet eciual one of tlie coils of the next lower decade, ^hen these latter 
advantages are not required, and esfecially when dials or sliding switches are used, there 
ie little or no advantage in tuing more thtm nine coils per decade, as shown in fig. 1,496. 
Here all tlie coils of the set are connected in seriee eo that the circuit ie never open. Thubit 
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Qact.. Wliat ii tke meaiiiiv ei **liti„** miriicd «■ tike 
brUlce? 

Ads. It stands for '‘infinity/’ because the resistance coil at 
the point marked infinity is omitted so that adjacent sections 
of the arm are disconnected when the plug is taken out. 

In fiict, the air gap interpos^ by the removal of the idog by no means 
povides an infinitely great resistance, but is usually called nidi because 
it is vastly greater than any of the other resistanoes of the bridge. 

The Decade Plan. — In this method of cmnbining resistance 
coils, there are 9 or 10 one ohm coils for the units place, 9 or ID 
ten ohm coils for the tens place, 9 or 10 one hundred dun coils 
for the hundreds place and so on. Each series of coils of the 
same value is designated a decade. The connections are usually 
made as shown in figs. 1,496 and 1,497. 

It is apparent from the figure that any value in any one decade can 
be obtained by inserting between a bar and a block, only one plug; more- 
over if several decades be in series, any value up to tlw limit of the set 
can be read off directly from the position of the plugs without having to 
add up the unplugged resistance as in the ordin^ airangement. 

Ques. What other advantages are gained with the decade 
arrangement? 

Ans. The single plug used with each decade is never out of 
use, being either in the zero position or set on some value, and 
is therefore not easily lost by being laid aside. The use of only 
one plug in a decade makes it easy to ascertain that the plug 


Fkos. 1,496 tnd t,497.^T«atf tsnHmud. 

imm it win, m would be the caie if the u. * and e, oonnectiont were not ueeti. More- 
over, if anf t^ug make bad contact, ita effect ie eomewhat leaaened by having thie bad 
eentoct ehunted bjr the Temaiatng ooUe of the decade. Again, there are oocaeione wheee 
violent dedoeticiia of a galvanometer are fueveatod by not hav^ the circuit entir^ opei> 
when n plug Ie taken out. 
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is making good cx»ntact as only one block in a row is plugged 
at a time, the other blocks are not kept under a strain by 
having plugs forced tightly between them. 

This strain on the blocks, which always exists in those sets in which a 
resistance is thrown in by removing a plug, tends to separate or loosen 
them and often to warp the hard rubber upon which they are mounted. 
Another advantage of the decade plan is that it permits obtaining a 



F)M. 1 ,49S.*— Two {dug arTangement of ratio coils. Each of the ratio coils has one of its terminals 
connected to a common center which corresponds to the block marked C, in the figure. The 
other terminal of each coil is connected to an individual block, there being one block for 
cadi coil. The bar B, on one side of these blocks is joined to the rheostat and the bar A, on 
the othet side to an X, post. In the ordinary use of this set of ratio coils two plugs only are 
used. One plug is inserted between the bar A. and one of the blocks, 1, 1', 10, 10\ etc., of 
the central row of blocks. The other plug is inserted between the bar B, and any one of 
the other blocks of the central row. There are two ratio coils of each value. To obtain an 
even ratio as 1.000 to 1,000', one plug is inserted between the block 1,000 and the bar A, 
and the other plug between the 1,000 block and bar B, the ratio arms are reversed; that is. 
the 1 ,000 ohm coil is connected to the X . post and tlie 1 ,000 ohm coil to the end of the rheostat. 
When uneven ratios are used, the same ratio can be obtained by four dilTerent combi .atiuns. 
To obtain the ratio one to ten, insert a plug between A and 1, and another between B and 
10. or between A and T. and B and 10, and get 1:10, or between A and 1. and B and 10' 
and get 1:10'. or again, between A and 1' and B and 10', and get 1' to 10'. Other ratios 
are obtained in a similar manner. By using more than two plugs and connecting certain of 
the coils in parallel combinations, a large number of other ratios may be obtained. This 
arrangement olTers a convenient method of measuring the sensibility of a bridge and galvanch 
meter combination that is fre luently appticahle. If for instance the one ohm coil Ik' used 
on either side after a balance has lieen obtained the one ohm may l)e shunted with the 1.000 
ohm on the same side. This will make a variation of of 1% and the galvanometer 
deflection may be noted for this variation. Similarly, the 1 ohm may be shunted with the 
100 for a variation of 1%, or with the 10,000 for a variation of of 1%. The ten ohm 
cod may be shunted with the 1,000 for a variation of 1% and with the 10,000 for a variation 
of ^ of 1%. In the arrangement of ratio coils, errors due to plug contacts are negligible 
because only two plug contacts enter the circu't, and with an even ratio, it is only the differ- 
eofie hi the resistances of the two plug contacts that can alfect the result. In measuring 
any of tlie ratio coils while in tlie box it is only necessary to connect to the Imt C. and to 
either the bar A or B. and p>ug in the coils to be measured. 



Testing and Testing Apparatus 1,039 



Fkos. 1,499 and 1,S00.— Tha Loads 
and Northrop decade. The ofa|jeek 
of this arrangement is to redoce 
the number of coils required. In 
fig. 1,499, the 1, 3', a and 2 are 
connected in series. Let the ter* 
minals of the 1 ohm and 2 ohm 
coils be numbered <1), (2)» f3)» 

(4) and (5) (fig. 1,499). The cui^ 
rent enters at point (1) and 
leaves the coils at the point (S)> 
traversing l,3^ 3, 2 ■■9Qbinsin 
all. If this aeries be multiidied 
by any factor, n, then « (1 + 3' 

3 + 2) « M 9 ohms. It will be 
seen that if the points (1) and 

(5) be connected, all the ooUs 
are short circuited, and the cun* 
rent wi 1 traverse aero leiistanoe. 
If the pmnte (2) and (5) be ooch 
nected, the 3', 3 and 2 ohm cods 
will be short circuited and the 
current will traverse 1 ohm. By 
extending the process so is to 
connect two and only two pointa 
at a time it is possible to ^tain 
the regular succession of values n 
(0, 1,2, 3. 4, 5, 6, 7, 8, 9), the laM 
being obtained when no points 
are connected. Fig. l,S00ehowi 
Leeds and Northrup's method of 
connecting these points two lat a 
time with the use of a single plug. 
The circles in the diagram repre- 
sent two rows of ten brass blodci 
each. To the first two blocks at 
the top of the rows, the pOinto (S) 
and (1) , fig. 1 ,493, are connected; 
to the sec^ two, the points (2) 
and (5) are connected, etc., no 
points being connected to the last 
pair of blocks. Hence, if a plug 
be inserted between blocks 1 and 
S,fig. 1 .500, the points (1) and 

of diagramfig.l ,Wareconnected. 
giving the value of 0. if between 
the blocks 2 and 5 the points (2) 
and (5) are connected, giving the 
value 1, and eo on. The ^ue 
9 is obtainable when the plug is 
in the last pair of blocka, whkh 
have no connection. Fig. 1*498 
ebows a top view ol the bloclBS 
of a simple decade oonsUiicted 
upon this plan. 
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micoedsion of talues by means of sliding contacts or dial switches, a method 
which is beco^ng deservedly more appreciated, 

Qoes. What is the difference between out’^ nA 

^^n^ in” types of resistance box? 



Acme purtaUe teoting let. it e»n»i9t» o/a Wheatstone bHdga, with reven- 
battery of four dry cells, D^Arionval galvanometer, battery and galvanometer 
A sixteen resistenoe coIIb, having a combined resistance of 11,110 ohma. 

Bech^^gs arm is provided with three coils of 1, 10, 100 ohms, and 10, 100, LOODdmie 
aMpe^vdy . The fXMnimiutor admits of a ratio of 1 to 1 ,000 on either bridge arm, gl ving 
wMeSjMhsoretkal range ftom ,001 of an ohm to 11,110,000 ohma. For reeistaaoes nhove 
^^ y**^ **^^> normal battery power must heincresaed. The contact keys are loiemad 
,n|’eh yn, y m^haftery key has single contact, but the g^vanometer key hasdoidiledinK 

it deem the galvanometer circuit, and teiessing It short dreultstlmgiNm»n> 
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Am. In the plug out type, reastanoe is put in ^ drcuit 
by removing plugs, as in fig. 1, 489; inthe plug in type, reastanoe 
is put in tite circuit by inserting i^ugs as in figs. 1 and 1,^7. 

Toting Sets.— For convenience in testing, a combination of 
the instruments used is put in a neat and substantial case, 
and known as a testing set. There are innumeraUe fcmns of 
testing set, a few of whidi are shown in the acccnnpanying illus- 
trations. The usual combination is a Wheatstone Inidge, gal- 
vanometer, battery and necessary keys and connections. 

Testing sets usually employ the principle of the Wheatstone bridge* 
because the location of faults is larg^y a question of resistance or ciqia^ 
dty measurement, and translation of the measurement into the corre- 
sponding distance to the point at which the ground, cross or open occurs. 
Fault location, and ordinary field or shop resistance measurement require 
pc^bility and ruggedness in a set, combined with the best possible sen- 
sitivity and accuracy. To meet all the requirements is a complex problem 
in design, and care and attention to detail in manufacture is no less im- 
portant from the user's standpoint. 

Qaes« Describe the operation of the Queen Acme testing 
set figs. 1»501 and 1,502, in measuring resistance* 

Ans. Connect the terminals of the resistance to be meas- 
ured to the line posts C and D. Place the battery connections 
on the two upper tips 0 and 1, thus throwing one end the 
battery into circuit, which is sufficient until an approximate 


NOTE.— ra# gmbmmkmttwr ig the heart of the teating get, and the purchaaer of a aa*^^ 
■hoold judge aa to the merita of the inatrument largely on the baaia of rngfedneae and aenai- 
tlvity of the gahranometer. 

NOTB.*«-OofM»i0iiMiar afcuiil* In making a meaniremant with a Wheatatene bridge 
emptoying a aenaitiva galvanometer, the operator, if he hat no Idea of the magnitude of the 
“X** fs^aittanee, uanally atarta hia meaaurefneiit with the galvanometer ahimted cp aa lo make 
it very iiuenaitive. Aa he approachea a beiaBoe he tedubaa the ahunting hi atepa until filially 
the gstveiidmeter hee maiiimim aenaiUvity. The abimtinf enablea him to obtato hia ihaiilti 
with greeter oertainty and apeed. 
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balance is obtained. Employ the 100 (dun coil in each bridge 
arm, and place the commutator plugs in the position PQ, or 
in the position ST. Then remove plugs from the rheostat until 



FiGM, 502 .---CofiiiectkmsaiiddrciiiUof Queen Acme portable testing set. There are three 
row» ol blocks* hV, MM'* NN'. LU * is connected to NN' by means of a heavy copper bar, 
3oining L' and N'. LL' and NN', constitute the rheostat, from which any resistance from 
1 ohm to 11,110 ohms may be obtained by removing the proper plugs. The block N. of the 
rheostat is connected to the lower line post D. The upper line post C, is connected to the 
block X, of the com .mtator. , The block C* has no other permanent connection, except 
key G. The block R* of the commutator is connected to the block L, of the rheostat* and 
has no other connection, excepting by plugs. Each half of MM' constitutes a bridge arm* 
designated A and B* respectively. Bc^nning at the lower line post D, the oonneCtiona 
form a continuous circuit through the rheostat* thence through the bridge arm B* thence 
through the bridge arm A. thence to the upper line post C. The commutator serves merdy 
to reverse the b^ge arms A and B. The battery terminals are connected as shown; the 
jmsUive temunsl directly to the common junction of the two bridge arms* and the negative 
terminal through the battery key to the rheostat. The positive terminal of the gelvano- 
meter it connected through the galvanometer key with the block X. and the negative terminal 
with the block R* of the commutator* or* what is equivalent* with the block L* Of the rheO' 
sut. The commutator blocks A* B* R and X* are connected by plugs as shown. When 
the conuBUtator plugs are in the position PQ* the bridge ann B* is connected to the rheostat 
and the bridge arm A* is connected to the line, the ratio between the bridge arms latio 
bring A -f* B «• X ^ R* but when the plugs are in the poritkai ST* the bridge arms are 
levelled in poritkai A* beiiig connected with the rheostat and B, with the liM* and the 
bridge am mtio becomes K +B R a- X. ^The c on nee t k ai s of the testing eet may he 
mote readily undemtood from ths simpiffied diegnm fig. 1,609, 
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the value of total resistance employed, <m: nearly as may be 
guessed is equal to that of the unknown resistance. Now jaess 
the battery key Ba, and holding it down momentarily, press 
the galvanometer key Ga. If the galvanometer needle swing 
to the right toward the symbol + the resistance employed in 
the rheostat is too high, and must be reduced. If the needle 
swing to the left toward - , the resistance employed is too low 
and must be increased. By altering the redstanoe of the 



rheostat accotdingly, a value will soon be found, which when 
varied slightly either way, will reverse the deflection of the 
galvanometer needle. Now remove the battery connection 
&Y»n tip 1, and place it on the tip 4, thus throwing the whole 
battery into circuit. Then press the keys again as before, first 
the battery key, then the galvanometer key. This will increase 
the deflection of the galvanometer needle for the same varia* 
tion in the rheostat, thus enabling the making of a more accu- 
rate adjustment. The measuronent duis made will be the 
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best resolt that can be obtained with bridge arms <xf eqoat 
value, but by selecting more suitable values of the two arms 
from the following table of bridge ratios a much hi^ier deg^ 
of accuracy may be obtained. 


tMil* Showing tho Beat VahiM of Brldgo Amu for Mmnulng way 
Dasind Raaiatonea 


Value of Resistaqce being measured 

Best values of 

Position of 
Commutator 
Plugs as 
shown in 
fig. 582 

B 

B- 

Bdow 1.5 ohms 

Beitveen 1.5 and 11 ohms • . 

1 

1 

10 

100 

100 

1,000 

1,000 

1,000 

1,000 

100 

100 

1,000 

100 

100 

10 

1 

PQoi 

SI 

ST 

ST 

ST 

** 11 and 78 ohms * 

•• 78 and 1,100 ohms 

1,100 and 6^100 ohms 

e,100 aod 110,000 ohms . .. . 
" 110,000 and 1,110,000 ohms. 

" 1,110,000 and 11,110,000 ohms 


Qaes. In testing with the Queen Acme set how should 
the pings be idaced in the commutator? 

Ans. Always make the arm A, the smaller except when the 
two arms are of equal value. 

Ones. If flie resistaace being measured be flma 
• 4 ^ lAms, or lower than 1400 dims, how dioald the eom« 
iinlatsr ^tags be ^aced? 

Ans. If hitler than 6,100 ohms, tiiey shoidd be placed in 
the poeitkm ST; if lower than I 4 OO dons, in postion 
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WtaeatbephigsareirfaicedinthftST. po^km, tlie unkncm raditaaee 
ji fawA by dividing tbe value of the laiger brk^ ann by that of the 
■nriiher, and multiFlying the total employ^ tesutanoe in the rheoetat by 
the quotient. When the {dugs are placed in the PQ, ponticn, the em- 
ployed resistance in the rheostat is divided by the quotient. . 

Direct Deflection Method with Quem Acme Set.'^To 



he.l,9D4.--l>imrHB«(tteQDeeBdUdeaKlepartMblet««tii«iat. nKHnMiutawaMm* 
lM«.7*vMe.aadl7*dH|i.eBdinin)inHPOinA*- TheieiirtiiieeteiveinBigdiipoeto 
dUd«CMle|ilaB.bttasple^iedraiitbr iBMMafstoutiiieawitefaceiitaet. Ttewitmei 
M w contniotm tint their BHjr be tunied m eitlwr dInctiM. tbenby pennittiac thn 
to be twaid oiiMlp ben the hiilMit loittHiee hi anr dU to the loitMt iciietaDee ia On 
eeandUI. TMememeiBeet erode the necernty cl tutnim beck ihtemheB the wenehih a 
n O e tenve In enr rertiffller pimp rf rH** r-f ■t-«— 

i<«»«Mw<«- Tte eoaaeelioee tar the varicne tane eis nede by the 
ampOattaiclaaeeiMnkOfeaolteh(WA.-4dX.) end the switch Ba4 theasampleUr 
lettaad.thaea«eidiegtheineaaiit]ra(ietathigtaeOavamafciianeottae. bceiMhNn- 
tta. the diO switches ere nnde vn of eight tanhietioBe el No. as B. 0 S. phosphor bneee. 
tad the ten is sndi as to pnvent wearing cnoeetcB the lop el the eoetaet ends, te 

tOe the etalricd cheeite are sOdaredthroaghonteaeeptiagtheewiidicaa- 

teet whose reeWaaee is aegagibie. ‘Ihe r nl eteace eaiewewadhMianngaOB. Thebattap 
eeauaitea eta cOh aubOMded whim an eaettr lepiaotOde. The gehranoanta it the M 
aiiatbe Qwaa Acan aet. bat hat theadditioa ol an Ajrrtsa Shaat. wl^ is nselal ia ne^ 
imOatiaa saeanaeMMs, The aeoeaeaiyhs]rt,faladhig peats, and awttebso an proridea 
so aa to tantata tht an cl the faatrana* te the varioaiiataaamMBti Oat am be r ‘ 

withit. 
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measure for instance, insulation resistance by direct deflectioo 
connect a known high resistance, say 100,000 duns between 
the line post C (fig. 1,502), and the positive battery post. 
Ronove all plugs from the ccanmutator, and place aU ^uga 
in the rheostat, as any employed resistance in the riieostat will 
be in circuit with the galvanometer and the battery. Hace the 
battery connection so as to throw only one cell into circuit. 
Now press the keys and obtain a deflection of the galvanometer 
needle. 


For example: assume that the needle to be deflected about 8 divisions 
of the scale. Since this deflection is due to the current from one cell pasdng 
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through a resistance of 100,000 ohms, then 100,000 X8«* *8 m^^ohm 
resents the resistance through which one cell will produce a direction of 
one division on the scale. Hence, .8 megohm is the constant of the 
galvanometer. 

Kow, replace the known high resistance (100,000 ohms) by the un* 
known resistance (for instance such as a cable) the value of which is to 
be determined. Add enough cells to produce as large a deflection of tte 
needle as possible. Assume that 75 cells give a deflection of 1.5 scale 
division. Then, the galvanometer constant multiplied by the number of 
cells and the product divided by the deflection will give the insulation le* 
sistance of the cable; or 



Fto. l;S06.-*-Leedi and Northrup ohm meter. It conaUU eecentlalfif oT a dkte wire WlmaU 
•tone bridge with the ecale divided to read in per cent of « fixed leeiatanoe value. A fadvrao* 
meter is mounted on the containing case of each battery and galvanometer keys are pro 
vided. These bhmneterB, being slide wire bridges, the greatest accuracy is at the ce n ter 
of the scale. Fixed ooil^of 1, 10. 100, 1,000 and 10,000 ohms are cootainsd in the instru* 
raeiit with a plug arrangement aUowing any one to be used. When a balance k obtained 
the actual rewstance is determined by multiplying the dial reading ^ the value of the fixed 
coU in use. This amounu simply to shifting the dednial point, ra instance, if the lOQ 
ohm opU were being used and the pointer were at .875, the reBists|^woi|ld be 87.5 ohms 
ficcuncy 1% over the range ^ ohm to 30,000 ohms. 
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J meptenXTS cdltofiO^ and 
60.0 •«■ »40 megofaiM 

at the resSstaUoe of the caUe. 

Fiafl of Potmtial Method trifli Queen Acme Set.— <To oonh 
pare electromotive forces by this method, place the battery 
ocmnectbns (fig. 1,502), so as to throw into circuit all the cells, 
taking care not to reverse them by crossing the battery cords. 
Plug the coihmotator as shown in fig. 1,507, and remove 1,000 
ohms firan bridge arm B. Place all plugs in arm A. 



Fto. 1,507.<— Commutator plug letting lor comparing electromotive totem by the liiUI of p etWK 
tial method with Queen acme aet. 


From the rheostat tmplug 5,000 duns. 

Then connect one of the cells being tested, with its pod- 
five terminal to the + battery post and its native terminal 
to the line post C. 


When the keys me pteaaed, the galvanometer needle idU awing ettheT 
to the or to the left. If it awing towaid+, reduce the ledmmw in 
. the dMoetat; if it swing toward — , add reebtanoe to the iheoatat. When 
a wdtie is fcimd wfaei^ a variation of an dun either way l evere y the 
de fle c t ion, add to this value the leeiBtance unplugged in arm B, and dMde 
thestuilnrthetedetmKeinamB. Theresuttgirathetatobetwetoflw 
vdtiaeB of the teding eet. battery and cell teeted. l e ep e cth ie l y. , 
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The dSnirim it deriiml and may be nadily aconnididied by mer^ 
pqhiting off 88 many places as there are dphen in the leeiataiice enqiloyed 
fimn aim B. This operation repeated with any number of different 
wiB ^ve their vcdta^ in terms of the voltage of the testing set battery, 
and from these ratios their relative values may be readily obtained. 

If the testing set battery be rejdaoed by a standard cell, the first meas- 
urement gives at once the vdtage of the cell tested. - 

If the voltage of the cell or battery being tested exceed that of the 
testing set battery, reverse the pontion of the two batteries, and the sub- 
secpient operations, as outlined above, will give the desired results. 


How to Check a Vdt Metw with the Qaem Acme ^t. — 
In using a. set as in fig. 1,501, first remove about 10,000 ohms 
fiom the rheostat, plug the commutator as ^own in fig. 1307, 
remove 100 ohms from the arm B, of the bridge, and connect 
a standard cell with the positive terminal to the + battery 
post and the negative terminal to the line post C. Then, ccm- 
nect the circuit to the battery posts of the testing set the poa- 
tive lead to the + post and the negative lead to the — post. 
Now, ixess both keys and note the direction of the defiectirm 
Ot the galvanometer needle. If it move toward +, the rheostat 
resistance is too hi^; if toward -, too low. 

Orange the rheostat redstance accordingly until the balance attained 
is sud t^ a very slight variation of the rheostat resistance one way or 
the other will reverse the galvancnreter deflectirm. To find the pressure 
on tto circuit, add 100 to rheostat redstance and point off two places. 
Multiidy this value by the vdtage and the product will be the desired 
vdtage. 


If the voltage of the standard cell be exactly one volt, t!ie total em- 
ployed redstartce represents the voltage on the circuit. 

For instance, in making a measurement <»i a 110 vdt drcidt, assume 
that the emidoying of 7,840 duns rheostat redstance produces faalanoe, 
and ^t increasing or decreasing this resistanoe by two duns, reverses 
the phranometer deflection. TUs indicates that the setting 734018 un- 
osrtain, dxMit 4 of f Pw cent. Sinca toe rheostat coils are adjusted to 
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an accuracy nf only of I per cent., that will be about the accuracy oi 
the measurement. 

If the pressure of the standard cell be 1.018 volts, then 7,840+100" 
7,9M. Pointing off two places.'gives 79.40, which multiplied by 1.018 
gives 80.82 for the voltage on the drcuit. 

To Measure Internal Resistance of Cell with Queen Acme 
Set.— First compare its voltage on open circuit with the press- 
ure of the testing set battery. Then, shunt the cell with a 
known resistance, about 100 ohms, and again measure its ter- 
minal voltage. The difference between the two values thus 
obtamed, divided by the value of the shunt resistance, will 



Fta. 1,506.— Everahed portable ohm metier set. This b stingset consists of a direct reading ohm 
meter which indicatea by direct leading the value of tiie resistance being tested, also a 
portable hand dynamo which provides at any required pressure the current necessary to 
mtkA the teat. It ia adapted to the needa of supply stations, wiring contractors and dynamo 
btdklara. It is also useful in testing the insulation of underground and aerial cables, and 
fsdeaignad ao that it can be used by ordinary workmen who are not experienced in handling 
delicate instniments and who, by its use, are able to obtain accurate results. The dynamo 
Is wcNind lor 100, 600, 500, or 1,000 volts, and is Aued with spring drum inside the case 
cn which Is coded a twin flexible cord proviM with a contiector adapted for clamping undai 
tha ohm moter termiQBls, 
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give the value of the current. To find the internal resistance, 
multiply the value of the shunt resistance by the ratio between 
the fimt and second measured values. 

For instance, assume that the open drcuit voltage of the cell bong 
tested as compared with the voltage of the testing set battery is .212 of 
the latter, and that when it is shunted with a resistance of 1,000 ohms, 
its terminal voltage is .179. Then, the total resistance is to th6 1,000 

212 

ohms shtmt resistance as .212 is to .179 or-^^ Xl,000« 1,184, from 

which deducting the 1,000 ohms shunt reastance, gives 184 ohms as the 
internal resistance of the cell. 

Ammeter Test with Queen Acme Set. — Connect a low re* 
astance in series with the ammeter and run leads fi'om it to 
the testing set, the positive lead to the + battery post and the 
negative lead to the line post C, (fig. 1,502). Insert a standard 
cell between the battery posts, with positive terminal to + 
battery post, and negative terminal to - battery post. Plug 
commutator as shown in fig. 1 ,507. Remove 10,000 ohms from 
rheostat, and 100 ohms from bridge arm B. Determine a bal- 
ance in the usual way by changing the value of the resistance 
in the rheostat. This operation will balance the difference of 
pressure at the terminals of the shtmt resistance against the 
standard cell, and its value is equal to 

1.40X100 _ 140 

R+lOO ~R-|-100 

To determine the current flowing, divide the value of the 
difference of pressure thus obtained by the value of the ^unt 
resistance. 

Lmqp Test.— This is a method of locating a fault in a tele* 
grajidi or telephcaie circuit when there is a good wire nicmiiig 
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pBtallel with the defective one. In the process, the good and 
bad wires are joined at their distant ends and one tenninal at 
the bettoy is cranected to a 'Wheatstone bridge, while the 
other tenninal is grounded. There are several ways of making 
loop tests as by: 

1. The Murray loc^; 

2. The Varley kx^. 

Theae tests are the ones moat frequently used. Some odier loop methods 
and various modificatioos of these testa have been vodced out to meet spe. 
dSc requirements. 

The Mmay Lotqi.— In this test only one of the two regular 
bridge arms is used, the other being reidaoed by the rheostat 
giving an arm of large adjustment. 


l!lOTB.-«Faiif t heation^ThB fandamentil prindpleB of fault tocatkm are quite ahaple 
aadaneaiily undentood. In many ceaea their appUcatioo is equally ninple. In other caaea, 
the oonditionii are complicated by a network of wiiea, by peculiahtiea of the faultaand other 
ca um a. However, the very great majority of faulta can be located sucoemfuUy by experienced 
teatera with proper apperatua. To inaure aucoeaa, the teater ahould have a el^ conception of 
the fundamental prindplea and an accurate knowledge of line oonditone. Thia knowledge and 
car^ practice with reliable testing apparatua will aoon give one the ekOl, judgment and oon- 
Menoa which will enable one to locate the moat puasling faults. 

NOTE.--<7roi<iule amf eroaaee in land linea and abort aubmariae cabtea are practkaHy 
ell located by the ao called methoda. Theie are particular ceaea of the Wheatatone bridge and 
nmat all Mtiafy the Wheatatone bridge condiekma. When four reaista nc ea are grouped and a 
hattery and galvanometer form part of the circuit aa shown , the oumbinatioo ia called a Wbeat- 
•tone bridge. The reaiatanoee an to be understood individuaUy as the total reaistanoe froma 
battery connection to the next galvai.ometerooonection. The reaistanoea an called the bndge 
arma. It ie important to nmember thie as mietakea an frequently made due td the uninten* 
tiaoU introduction of leal or contact reaistanoee into one or more of the bridge annos wbkh 
an overlooked in the aubaequent calculations. The oonditione for a balance will be peeciaclr 
the eame if the poiit ions of the galvanometer and buttery be interchanged . 

NDTE.^I1hedfiifTqirloo!|is The loop teeta an aocaOed because the fnilty win is ahrais 
BoimBCled at its distant end with a good win and tile two bioombinatkm make the loop^ Tte 
kopladivkled into two parts by the fault. In the Munajr loop airaqgement, theie two psrla 
of tte loop an two arnw of tamWheatstoiie bridge, the other two arms of which an inadeiso 
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connections are shown in fig. 1»513. In making the test, dose kejr 
and note the deflection of the ne^e due to pressure of chemical actioii 
at fault, if any. This is called the /afsesero. 

Now apply the positive or negative pole of the battery by depressing 
die battery key, and balance to the felse zero previously obtidned by 
varying the resistance in arms A or R. Then by Wheatstone teidge for* 
mula: RX-AY, and L-X+Y; Y-L-X, whence 




Fia. l,513.-«Tlie Murray loop test. The apparatus is connected as in the Sgure. The rbeoatst 
of the bridge is used in place of the second arm to permit large adjustment. X and Y, m 
the resistances of the cable between the fault and the points 1 and 2 respectively. 


Ques. How may the diatance from 2, to the fault be de* 
terndned in knots or mOes? 

Axis. Divide Y, by resistance per knot or mile. 

Tke Varley Loop.— This is a method of locating a cross or 
ground in a telenhone or telegraph line or other cable by using 
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a Wheatstone bridge in a loop fcmned of a good wire and the 
faulty wire joined at their distant ends. One terminal of the 
battery is grounded and the other connected to a point on the 
bridge at the junction of the ratio arms. The rheostat arm 
then includes the resistance of the rheostat plus the resistance 
of the fault, while the unknown arm includes the reristance oi 
the good wire plus the resistance of the bad wire beyond the 



Fiq, 1,514. — ^The Varley loop test. The diagram shows the various counectioDS. Xand Y va 
the mistanoBS of the cable between the fault and the ^ ointo 1 and 2 reqncdvely.LtisfbB 
resistance of the good and bad cable or X + Y. 


fault. When the bridge is balanced, the unknown resistanoes 
may be readUy determined by a simple equation. 

In maldng the Varley loop test, the resistanoe of looped cable or con. 
ductus is measuredHand then connected as in fig. 1,514. Close tte battery 
key and adjust R, for balance. 

When earth cunent is jnesent. the best results are obtained sdwn the 
fiudt is cleared by the negative pde, and just before it begins to pi^iiae. 
L' X, be the resistance ffom 2, to the foi^, then 
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V L- R 

alsOr X, divided by the resistance of the cable or conductor per knot or 
mile gives the distance of fault in knots, or miles. 

When the resistance of the good wire used to form a loop with the i|e- 
fective wire, together with that portion of the defective wire from the 
joint to the fault, is less than the resistance of the defective wire from 



Flos. 1 ,515 and 1 ,516.— Special loop test with Leeds and Nc»rihrup fault finder. For the first 
measurement connect the faulty wire to 2, either of the good wires, as Z, to 1, the post 
Gr. to ground, and short circuit the coils R, and E, by dosing switch'^s U, and V, as in 
the figures. Balance in the usual way and call the dial reading A. For the second measure- 
ment, connect tlie post Cr. (disconnected from ground), to the other good wire y, as shown 
in figs. I,5l7 and 1,318, and get another balance; call this reading A'. The distance d, 
to the fault is determined from the simple formula d ■ AL. -l■A^ where L, is the length of 
the cable or faulty wire. 

the testing station to the fault, the resistance R, must be inserted be^ 
tween point 1, and the good conductor, the defective wire being connected 
directly to point. The formula in this case is 

Y 

X 2 


SpedM Loos.— This method may be used to advantige 
Odum the length of the cable ch: 6iulty ime uoly is known and 
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vhote there are two other iritis which my be used to comi^ete 
the loop. It is not necessary that the resistance of the fatdty 
wire and the length and resistance of the other wires be known. 
Fl^. 1,515 to 1,518 show the connections and method of 
testing. 

jSxomp^e. — All the wires in a cable 10,852 ft. long were found to be 
gimmded so that none of them could be used as good wires. Two wires 
were sdected out of another cable going to the same place by a different 



Fias. 1,517 and 1 ,518.— Sfiecial kwp test as made with the Leeds and Northrup fault finder. 
Diagram showing connections for the second measurement. The special loop tmt may be 
used to advantage where the length of the cable or faulty wire only is known, and where 
there are two other wires which may be used to complete the loop. To Uw,e an outside lit- 
tery « connect one pole to Da. and ground the other. The pressure of tins battery must 
never exceed 110 volts; if it be over 25 volts, see that switch W, is open. 


route and securely joined to one of the grounded wires at the distant end. 
This grounded wire and one of the good ones were connected a$ ^wn 
in figs. 1,515 and 1,516 and the reading A, was found to be 307. Con- 
nections were then made as shown in hgs. 1,517 and 1,518 and A, was 
found to be 610, What is the value of d? 

According to formula 

.^AL_ 307X10,853 _ 

A “ 610 


5,461 ft. 
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Directioiigfor Operatic Leeds and Northriip (TypeT) Testing 
Set.— The following instructions will be found helpful in tiie 
use of this set, which is deigned specially for locating faults 
in telephcffie, telegraph and other electrical transmission lines; 
also, for any measurements within ordinary Wheatstone 
bridge range. 

Resiatance MeaBurement»,--Comect unknown resistance to posts XI 
ana X2, and place the switch at the back of the set in the position marked 
RESISTANCE. The i.itemal battery is connected by placing the small 



i^Sia.—Leedsand Northrup type T. testing set. It it provided ttith the neoessanr coo- 
neciions for making resistance measurements, and for locating faults by the Murray and 
Vgrley loop metlaxts. I'he addition of a simple buzaer and telephone receiver permits the 
location of op«is as well a single three-way switcn, of the type used on telephone ewitchboarde 
makes possible, wiih a single motion, immediate connections for resistance, or Murray loop. 
Of Vartey loop tests. The switch replaces the two single pole, double throw switches ordi- 
pgrily Ufie.l on testing seta. Provision is ma'^e for connection of an external battery and galvaiMh 
meter in tlie relatively few instances where this may be necessary; and, without changing 
oonnections, either internal or external battery or galvanometer may be used. Pkotectivn 
tesbiaiices in both internal and external battery circuits guard against bum-oitts or over’' 
heating of the Adjusted ooOs in the seu 
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switch in the front of the set in the position marked IN. The internal 
galvanometer is connected by placing the small switch near the galvano- 
meter in the position marked IN. Select the r^uired ratio on the ratio 
dial and vary the rheostat dials until a balance is obtained. 

The best ratio setting for various resistances is shown in the fdlowing 
table: 



Pio. 1,520.— Connection diagram for making resistance measurement with Leeds and Northrop 
type T, testing set. 

Ratio dial 


Unknown roaistanoe aettlnw 

Below 10 ohms 001 

10 ohms to 100 ohms 01 

100 ohms to 1,000 ohms 1 

1,000 ohms to 10,000 ohms. 1 . 

10,000 ohms to 100,000 ohms 10 . 

100,000 ohms to 1 ,000,000 ohms 100 . 

l.OOO.OOO ohms to 10.000.000 ohms 1000. 
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The reasnaioe under teat is determined from the following formula: 
X-AR 

Where X* resistance under test (1) 

A a> ratio dial setting 
R -rheostat setting 

Murroif Loop Test.— In testing for fault location in cables in the 
case of a groimd, join the faulty and good wires at the distant end of the 
cable. Connect the faulty wire to XI, as in hg. 1>521 and the good wire 
to X2. Measure total resistance of the loop and call this r. 



Connect post Gr, to ground, or if the fault be a cross, connect one of 
the crossed wires to the Gr, post and at the distant end of the cable join 
theothercrossedwiretoa wire that is known to be good. Set ratio ewitdi 
cai M1,000, which places 1,000 ohms in circtdt for the oddge arm or A , in 
tbs figmula. Place the switdi at the back of the set in the position nttirked 
Murray.** Vary rheostat until a balance is obtained. 
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If a satiafactcny balance can not be obtained ^th ratio switch set at 
then set for MlOO or MIO. 

Letting r«>resd8tanoe of loop 
a "resistance to fault 
R "rheostat reading 
A "ratio dial setting 


Then 


a» 


Ar 

A+R 


( 2 ) 


If L "length of one of the two wires wliich are assumed equal since a 
and r are proportional to the lengths, the distance to the fault becomes 


2LA 

A+R 


(3) 


If a balance can not be obtained after using all settings down to and 


including MIO, it indicates that the fault is at a point of less than 

1»000 


from XI. In such cases locations can be made to 


1 

11,000 


r as follows: 


With connections made as before set the ratio dial on the point marked 
*001 and use the formula 


a 


r 

R+1,000 


or 


d 2L 

“r+1,000 


In most cases a check test can be applied by connecting the faulty wire 
to X2 and the good one to XI, and then varying the rheostat untila Ixdanoe 
is obtained. Letting A^ and R'"n8w values of A and R, 


Then a' 


R'r 

A'+R'* 


..(4) 


and 


d' 


2LR' 

A'+R' 


(5) 


If the tests be made on a loop of wire, of which the total length only Is 
known, then this length must be substituted for L, and the 2, removed from 
the numerators of the above formulse. One end of the loop should be 
tagged, and when this end is connected to XI, fonnula (3) will give the die* 
tance to the fault from that end, and formula (5) will give its <hstaitce 
from X2, when the tagged endis connected to that post. When dealingwith 
fruits of high resistance 50 or mme cells of battery mav Hav» to be used. 
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total rettetance of a loop, one wire of which was faulty, waa found to 
ho 290 ahns. Withratio dial eet at Ml.OOO a balance waa obtained with 1,900 in the rlmtat 
tbing formula (2) the reaiatance to the fault from post XI ia 


1,000 X 290 
' 1,000+1,900 


■■ lOOohma 


In the above example the length of one of the two wirea ia 8,995 feet. The cUatance to 
lha fa^t from poet 7(2 using formula (3), ia 


d 


2(8,995X1.000) 
1.000 + 1.900 


-6,203.4 ft. 



A-n n ^ wwA.r~j 




Fm. 1,522— Connections for Varley loop teat. 


The circuit in Og. 1 ,521 consista of No. 22 B . 4^ S. copper wire which has a reaiaunce of .01612 
ohm per foot The reaulta obtained by formulae (2) and (3) ahould check, or 6,203.4 feet the 
diatonce to the fault by (3) multipli^ by .01612 equala 100 t^ma, or the reaiatance to the 
fenltbyC!). 

fml/eu Loop testing for failt location in cables, in the case 

Ot a groi^ join the faulty and good wires at the (hstant end of the cable; 
ooitnect the faulty wire to X2, ai^ the good wire to XI, Measure the total 
leshdance of the loop and call this r. Connect poet Gr, to gtxmnd. Or if 
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the ftitttbea cross, connect one of the crossed wires to the Gr, post and at 
the distant end of the cable join the other crossed wire to a wire that b 
known to be good. By placing the ratio dial switch on .1, .01» or .QOl a 
ratio of 1 : 10, 1 : 100 or 1: 1000 is obtained. If r, be over 100 ohms, tise .1; 
if less than 100 ohms, u^e .01 . Place the switch at the back of the set in 
the position marked VARLEY. Vary the rheostat until a balance b ob- 
tained. 

total resistance of loop 
a -resistance to the hiult 
A -ratio dial reading 
R- rheostat reading 



^lo. 1 ,5?3.— Diagram of apparatus for measuring low resistances based on the principle of the 
Kelvin double bridge. In the diagram Al. represents a heavy piece of resistance metal of 
uniform cross section and uni'orm resistance per unit of length; CD, is another piece of 
resistance metal of smaller cross section, and the t'vo are joined together by a heavy cop- 
per bar, AC, into which both are silver soldered; LL, are the current terminals and PP, 
are the pressure terminals. The resistance of AB, between the marks 0 and 103, on the 
scale S, IS .0)1 ohm. Fcom the poi.it 1 on the resistan::e CD, to 0, on AB, is also .001 ohm, 
from 2 to 0 is .0 )i and so on, an i from 9 to HD is .01 ohm. The slider M, moves along the 
resistance Al. and its poiition is read on the scale S, which is divided into 100 ciual parts 
and can be read by a vernier to thousandths. Subdivided in this way the resistance between 
the top oflT -Kants PP, may have any value from .001 to .01 ohms by steps or .000001 ohm 


Then (®> 

A-hl 

In most cases a check" test can be applied by connecting the faulty wire to 
XI, and the good wire to X2, and then varying the rheostat until a balance 
is obtained. It may be necessary to place the ratio dial switch on a different 
setting than that used for formula (6). Let R^-new value of R 
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Fig. 1 ,524 .—Kelvin bridge. This includes a low resistance standard of .1 ohm variable by steps 
of .0(XX)1 ohm. a set of ratio coils, and a holder for rods or wirce to be measured, .with a 
scale to measure their length. It is also provided with heavy flcxibles to be used ia meas- 
uring the resistances of irregularly shaped pieces. The connections are clearly shown in the 
diagram. The range of measurements of this bridge is: 1 ohm to .1 ohm by steps of OQl 
ohm readily estimated to .0001, .1 to .01 ohm by steps of .0001 ohm readily estimated to 
.00001; .01 ohm to .001 ohm by steps of .00001 ohm, leadily estimated to .000001; .001 
cdun down by steps of .00001 ohm, readily estimated to .000001 ohm. 



ohm meter fdr measuring low lealstaiioe. It is aimihir m ocm* 
'r atiaidta to the^fnmfliar Wheatstone bridge type ohm meter, iloeifraeir.* 2% betwem WOi 
’ olllll dud !JLi ohms; Ottieanonwt^r: aapaitivity 1. megohm, icststenoe 40 ohms; GtnAtmif 
five ramei* Sei^ contained No. 6 dry oeU battery. 
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Then 


A(r+R') 

A+1 


( 7 ) 


The distance to the hiult can be obtained 


frcan the tcHinuhi: 


d -|l (8)ord'-|^L (9) 

D D 


in which a and a'« the resistances to the 
fault by formulas (6) and (7) respectively, b 
» the resistance to the faulty wire the 

resistance of the loop where good and bad 
wires are of the same sise and are in the same 
cable and L the length of the cable. 


The total raiistaiioe of a lopf>, ooe 
wire of which was faulty was found to be 290 ohnw. 
The raUodial ewitch wee placed at .1, and a balance 
obtained with a rheostat aetting of 1,910. The 
rcitttanco to the fauh from post uidng formnla 


a 


290 - .1 X IMP 
.1 + I 


OOohme. 


For a check teat a balance wai obtained with « 
rheostat setting of 700. 

Using formula (7) the resistance to the fanU 
from post XI, is 


a 


.1 (290 + 700) 

.1 + 1 


90 ohms 


NOTE.~Poor Connsetiont, It is of primacy 
importance that good electrical connectionB ba made 
throughout the circuit. If one is to rely upon an in- 
mcperienced assistant for making joints and connec- 
tions tm poles and elsewhere , mu^ annoySnce may be 
experienced. Resistance caused by poor cocmectiona 
in the loop circuit will enter directly as an error in the 
locsikm, if, for insUnee, the assistant does not make 
a good comtectiott in joining the faulty to the good 
wire but introduces a resistance of H ohm, where the 
wire is No. 22 B. ^ S. copper, the location will be 
about 16 feet in error. Experience will teadi om, 
however, to detect in most cases improper and poor 
connections by tbewof the check methodic or by 
dupUcaiing soma ol the tests. 
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Laeatton of 0pm.— Disconnect the galvanometer and battery by turn- 
ing the leepective switches to the position marked OUT. Conn^ a tele- 
phm receiver to the Ga, posts and a source o^ alternating current such 
as produced by a **tone test** or buzzer to the Ba» posts. The buzzer should 
be placed as as possible hnm the testing set so that its n<^ will not 
be heard by the operator. 

Set the ratio switdi on Ml, 000. which places 1.000 ohms in the bri^ 
arm circuit and place the switch at the back of the set in ^e position 



600D PAIR 

b' 

C e 

paulty pair 

d 


Fxa. 1.527.— Conoectiona for tciting for locatioai of opeoa. 


marked MURRAY. The telephone can be permanently closed by means 
of the lock-down key in its circuit, by turning the arrow stamp^ upon 
its top away from the operator when in front of the testing set. The key 
in tile buzzer circuit cannor he pomanently dosed. If a receiver with a 
head band be used, the operator’s hands will be free to dose the buzzer 
key and manipulate the rheostat. 

Connect the open wire to post X2. and a good wire of any other pair in 
the same cable to XI. ConiiKt the mates of the wires used for posts X2. 
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and XI, to the post Gr, but do not ground. The connections will then be 
as indicated in fig. 1,S27, in which d is the broken conductca* and c, its 
mate, a and b, are the wires of any other pair in the cable. All wires must 
be free from grounds and crosses. 

Vary the rheostat until a balance is obtained. 

Letting R = rheostat reading 

L “length of cable in feet 
d = distance to the open in feet 
A s ratio dial setting 



Fig. I,52S. — Queen wireless test set or inductive fault finder. This cable test set U uaed far 
locating crosses, grounds, split pairs, etc., by means of an exploring coil. This set may be 
regarded as a rrrnfrr to the location made with a Wheatstone bridge. Its results ^pend 
upon sound and does not involve any mathematical formula. It is also arranged to give a 
trouble tone. 

Then d=^ (lOj 

If a balance cannot be obtained with ratio dial set at Ml.OOO then set 
for MlOO or MIO and substitute said values of 100 or 10 for A, in the 
formula. If a balance cannot be obtained after using ail settings ^wn to 
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and indiidiiig MIO, it indicates that the open is less than .001 of length 
oftbecAidefrom In such cases set the ratio dial on .001 and osa the 
fonmda 

D- — - — 

R + 1.000 

In this way location can be made to ^ of the length of the cable. 
Balance In the Telephone . — ^The bridge is balanced when the point is 



Flu. l,629.-^-ConnectiOfis for tesU ol telegraph and other multiple cabica. 


found where the noise in the telephone is least. The procedure is to place 
nil the dials in the rheostat at nine and successively rotate the thousands* 
hundreds* tens and units dials finding a position where the sound in the 
telephone is a nunimum. 

Ihcampla*— An open wire in a cable 5,280 feet long was connected asabown inhg, 1*527, 
A wae obtained with the ratio switch at Ml, 000 and a dial setting in the rheostat of 
I3l0ohias. The diatanca to the open from poet XI, using formula UO). is 

* 1,000 X5,280 

1*320 


4,000 ft 
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STmIi a/ Telegraph and Other Multipie Cahlee * — Iti cables of this 
class* in which the wires are not grouped in pairs, instead of balandng the 
capacity of the open wire to its mate againk that of a good wire and its 
mate^ as in the forcing test, the relative capacities to ground of an open 
wire and a good wire are balkiced. 

The connections differ only in the use of two wires instead of two pairs 
and in grounding. 

The switch is placed, as described for location of opens in telephone 
cabliK. Connect the open wire to the post X2, and a good wire in the same 
cable to the post XI. If possible all the other wires should be grounded to 
the sheath of the cable as well as the section beyond the break’. Connect 
the post Gr, to ground, as in fig. 1,529. 

Let R« rheostat reading 

Ls length of cable in feet 
d e^distance to the open in feet 
A »ratio dial reading 

Then D-:^ aD 

R 

If a balance cannot be obtained after using all settings down to and 
including MlO, then use the .001 ratio setting and the formula 


R-hl.OOO 

as in the case of the telephone cable. 

Method of Picking Out a Grounded Wire * — Set the ratio dial on 
Ml, 000, and the switch at the back of the set for the Varley loop. 

Connect Gr , posts to ground or cable sheath and connect the wires in the 
cable one after the other, to post XI. The faulty wire will be detected by 
a strong deflection of the galvanometer needle when the battery gal- 
vanometer keys are closed. The galvanometer is sufficiently sensitive to 
give a readable deflection for 1 volt through 1 megohm and hence a very 
Ugh resistance ground or fault can be detected. 

To U$e 08 a Resistance Box*--CoTmect to binding posts X2 and R. 
When using the rheostat separately the position of the switch is m- 
material. 

To Use Galvanometer in Series with Battery * — Connikrt to Upding 
postsGrand XI. set the ratio dial Ml.OOO, the switch for Varley'loop. 
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The galvanometer is deflected by closing the battery and galvanometer 
keys. 

To Vke Outside Battery,— Ccmect battery in at Ba, posts, having 
disconnected the contained battery by setting t’le BA, switch on OUT. 

To Use Outside Galvanometer,— Connect outside galvanometer to 
the Ga, posts, having disconnected the contained galvanometer by setting 
the Ga. switch on OUT. 

Notes on the Varley Test.— This test is extremely useful, 
particularly on multiplied telephone cables. By multiplied, 



one is to understand that the same pair of wires is tapped into 
a number of different terminals, as shown in fig. 1,530. This 
pair is multiplied at four points. A, B, C and D. When the 
arms of the Wheatstone bridge are made even in the Varley 
test, the formula R=r-2a means that the resistance in tlie 
rheostat when balance is obtained is equivalent to that of 
both sides of the pair from the end where the helper makes 
his connection, to the fault. It is an easy matter for the tester 
to memorize the constants for the num^ of feet per ohm of 
the three or four most common dzes of wire used for telei^ume 
cables. 
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Knowing the gauge of the wire it is mei-ely necessary to multiply one- 
hall the number of feet per ohm of that size wire by the rheostat reading 
in order to get the distance to the fault in feet. 

The application of this to multif^ed cable may be readily shown. As^ 
same a fault at X. The tester is at Ex, and the helper connects the two 
wires together, say at C. The Varlcy test then gives the ohms back from 
C, to the apparent location of the fault (in this case at N, where the pair 
to B, is tappi^ on the main cable). Having the resistance from C to N, a 
rough calculation involving feet per ohm multiplied by Varley reading 
gives the distance from C, to the apparent fault. 
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PtG. 1,531.— Outto wirelew test aet or Inductive fault finder; diagnm of inatnimaat. 


From the cable diagram this distance can be read whidi should be about 
that between C and N. The connection at C, is then removed and replaced 

on the same pair at B, and the above process repeated. 

« 

In order not to be misled by the variation in resistanoe due to dianen 
in tenqwrature, it is well for the tester to metwire some known len,>.di 
once eadi we& or two and divide distances by resistance to rditain the 
p roper oooatant. That diis is quite important may be undentood tom 





% % ^ 
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the £sict^ that for undergnmnd cable the constants will vary 10% 1M<|eeii 
summer and winter temperatures. 

In caf^ where there are cables of two different gauges spliced togetlier 
it is easy to figure out the location without making any gauge oonection. 
For instance, consider the case where a pair of wires of one gauge is at- 
tached to another pair of equal length but different gauge, the total loop 
resistanoe being, say, 40 ohms and the Varley test showing a bakmce at 
10 ohms with equal bridge arms. This would mean that the fault was 5 
ohms from the far end. l6K>wing the two gauges one can estimate mentally 
if this amount of resistance will carry the location beyond the junction 
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point of the two sizes. If not, then multiply by the constant for the gauge 
wire on the far end, which will give directly the distance that end 
to the fault. 

In any case where the balancing resistance carries the location into the 
section nearest the'locator, then instead of multiplying the constant by 
the rbaostat reading, subtract this reading from the total loqp resistance 
;and multiply the ^erence by H the constant for the gauge wise aeazer 
io thp tester. This method is lengthy of eirplanatioa but when once one 
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The formula R«r— 2a is the universal Varley formula for equal bridge 
arms. Knowing the gauge of the bad wire it is possible to obtain the 
location by solving for a< 

When B. good wire of large size is used and the fault is near the far end 
of the smaller wire it sometimes happens that a balance cannot be olv 
tained with the bad wire in series with the rheostat. In these cases it is 
necessary to reverse the wires on their respective binding posts, 'fhen 
balance as usual and use the formula with R, negative or — R«r— 2a. 



V'lG. ' .5 6.— Queen ground resistance tester; diagram of connection.^ . Directlana for operating* 
Connect permanent groundl and one of ttie teat grounds to Imjp pasts I and Connect 
receiver to posts "TEL." Close PA, key by depressing and turning H turn to close pemnan^ 
ently or witlioul turning it can be tapped. Adjust rheoitat slide K, unit until no sound is 
heard in the rereiver. I'he scale reading is the resistance between the two grounds^. Make 
the same tcf;t using the other test ground and permanent ground, and then again using the 
two test grounds. Add the three readings and divide by 2 and subtract the reading taken 
between the two test grounds and this will be the resistance of the permanent ground. To use 
estemal battery place switch at "out" and connect battery to posts "BA." 

The above described loop methods, the Murray and Varley, are the ones 
most frequently used. Some other loop methods and various modifica- 
^ tions of these tests have been worked out to meet specific requirements. 

Tke Potmtiometer.— For the ra^nd and accurate n»astae- 
ment of voltage, current, and resistance, the potentkaneter can 
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be leooDitnended. Those in charge of electrio lig^t and power 
compani®, and also those who purchase large amounts of deo 
trical energy are realizing, more and mcne, the necessity of 
havii% satisfactory primary standards with Tfdiidi to ctech 
thdr volt, ampere-, and watt-meters. 

When it is realized that an error of oije per cent, in a com* 



fio. 1,S39. — ^Leed» and Northnip Type K Potentionieter. It haa no internal reaistanoe whkh 
fives high sensitivity. There are no contact resistances in the potentiometer circuit proper. 
The last one tenth volt is covered by a dide wire which facilitates following a fluctuating 
voltage. The current flowing through the potentionieter may be checked without disturb- 
iiV the dial or slide wire setting. When used with any cadmium cell the potentiometer it 
direct reading, requiring neither calculations nor corrections. The construction of the intUu- 
ment is f'uther shown in the diagram hg. 1,540. 


meidal instrument means an error of one dollar one way or 
the other in every one hundred dollars charged, the need of 
such standardization apparatus becomes at mce apparent. 

The |)Otentiometer, it should be noted, relies for its accuracy 
only the constancy and accuracy of resistances and tpm 
stands^ cells. 
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The instrument ctmsists of an arrangement of carefully stand* 
ardized resistance for measuring voltages in comparison with 
a standard cell. It is used for accurate measurement of voltages, 
currents and resistances. 

In place of a series of standardiaed resistances, a slide wire may be 
itted as in iig. 1,540. 

With the materials now available, and the skill which has been acquired 
in their manufacture, both the resistances and the standard cells are 



Fig. 1,540. — Diagram showing oomiectionB of Leeds and Northrup tjrpe K, potentiometer. 
The eeeenflaf part of the inatniment conaiits of 15 five ohm coils AD, adjusted to equaUqr 
with a high degree of accuracy, connected in aeries and having in aeriea with them a elide 
wire DB. the resistance of which from 0 to 1,000 on its scale (the entire scale extending fitom 
0 to 1,100) is adao five ohms. A contact point M, makes contact between any twoof die five 
ohm coils, and a contact point M^ makes contact at any point on the dide wire DB. CuT" 
rent from the battery W, flows through these rv-sistanoee, and by meant of thC regulating 
dmostat P, it is adjusted to exactly one fiftieth of an ampere. Consequently the faU w 
potential eeroes any one of the coils AD, is .1 vdt end that across the elide wire DB, la .11 
volt. SyplacingtheooatactpointM',atjexo,endmovingtfaeoantectM,thofaUofpoleatia} 
betwean M and M^ may be varied by steps oi .1 volt, 0 to 1 .5 volts. By moving the 

contact point M^ akteg the wire, the fall of potential betwean MandM', maybe vipied in 
atepe. 
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obtainalde which ar& remarkably constant, and both can be readily checked 
for accuracy. 

The potentiometer is essentially an instrument for comparing differences 
of potential and the various designs differ in the method of dividing the 
potential drop into decimal steps. Such instruments have either high or 
low resistance circuits, and while each possesses inherent advantages it 
also presents disadvantages. 

The high resistance potentiometer requires a very small amount of cur- 
rent so that a long series of measurements can be made without the neces- 
sity cf readjusting the current in the potentiometer circuit. It, however, 



Flo. 1,541.— Itegulatin^ rheostat of Leeds andNorthnip type K, potentiometer. This is P,of 
fiff. 1, 5 to. The actual connections are shown inhg. 1,541. This rheostat is mounted in the 
right hand end of the potentiometer. Rough adjustment is made by R. and Ane adjustment 
by manipulating R'. The 23 ohm resistance of the latter dial is shunted by a resistance of 
6.1 ohms, making possible very fine regulation. On the Ane adjustment dial there is, in 
aeries with the contact, a Axed resistance of 400 ohms, which makes negligible the effect of 
possible variable contact resistance. 

involves a larger number of switches for manipulation to establish a bal- 
ance and is therefore not so convenient to manipulate in addition to its 
higher cost. 

In low resistance potentiomet^s the current required is larger and varia- 
tion in resistance, especially of the battery, will vary the current to an ap- 
preciable extent, thereby necessitating more frequent adjustment of the 
regulating rheostat and consequent repeated checking against the standard 
cell to insure the correctness of the E.M.F. under test. The low resistance 
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a eliminates the use of contacts directly in the potentiometer circuit, 
by confining it to the use of only one series of resistances and a slide 
wire. It has the advantage of greater convenience of manipulation as com- 
pared with the high resistance potentiometer. In the de^ of low resis- 
tance potentiometers a slide wire is used for the final setting. Heretofore, 



Pro. 1,543.— Diagram of the Crompton potentiometer. In thin instrument thereaittanceeoo 
aista of fourteen coils, each of 10 ohms, in aeries with a straight wire, also 10 ohma reabtaiioef 
thus forming a system of fi.'teen equal steps. Across the whole a pressure of 1.5 volt ii 
applied from a secondly cell, thus ptroviding .10 volt per step. Any fraction is then tapped 
off by m ans of a radial switch on the resistance coils and a sliding contact on the wire. 
The standardization is performed by adjusting a resistance in series with the whole until 
the standard cell employed indicates, by means of the gsdvanometer G. a balance at the point 
which represents its electromotive force cm the basis given above. 



Ptc. 1,S45.— Queen-Gray standard potentiometer intermediate resistaiioe typ* cireiiit. TMs 
ingiram^nt hai a to^ resistanoe sufficiently high to permit the use of a swltdi in the main 
clrcttit without error and low enough to enat^ a elide wire of only one tom to be need for the 
last setting. 
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it has been the practice to use a slide wire of ten or eleven turns in order to 
make usc^of a wire of suitable size for mechanical streng^ and also to have 
the requisite length to accurately sub-divide the i^tential in the wire to a 
fraction Of a milli-volt. The use of such a long wire necessitates the mov* 
ing of its contact through ten or eleven turns. 



Fi<;. 1*544. ^“Complete dmjpaxn of oonncctora of Qucenr^ray Ktsndard po<^tioniet«r. Th* 
main potentiometer circuit consiste of 17 fifty ohm. coils in the “tenths” switch. 10 fii'voluii 
<^s m the “hundredths” switch (intermediate switch) and the 5 ohm “slide wire.” The Cor- 
lent to operate this potentiometer is .002 ampere* therefore the fall of potential over each 
80 ohm coil u ill te .1 volt, for each 5 ohm coil .01 volt and for the entire slide ,01 volt Tht 
Slide wire is divided into 200 parts and consequently a sipgle division is eiuivalent to .00005 
Volt. The single division can be easily estimated to 2 thereby reading to .00001 volt which 
can be further reduced .1 or .000001 volt by mears of e shunt coil. It is thus noted that 
WMxww nre provided for an adjustable potential from .000001 volt to 1^7 yc^ts which can be 
Stttended to 17 volu when .02 ampere is made to flow through the potentiomete*'. 

The intermediate resistance potentiomet« is a type having resistance 
intenne^tely between the high and low resistance types. 

TIm Potentioiiiettf Prindple.->Fainiliarity with the pnn- 
dples nndarlying any measuring instrument is valuable to the 
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user or prospective user of device; for not only does it 
enable him to secure his results more quickly and accurately, 
but it also gives him confidence in the results of his work. 

A potentimneter is a device for measuring ptUentuU differ^ 
races by either totally or partly balancing the unknown against e 



Fzc. 1 .545.— Simplified diagram of connections of Queen-Gray standard potentiometar. The 
insCrament is arranged so that its settings may be reduced .1, thereby read'mg to XlOOOOOl 
volt. This is accomi^i&hed by shunting the mi.in potentiometer circuit with the **shunt 
ooU" shown in the diagram, so that the combined resistances will be exactly .1 of the 
shunted potentiometer circuit. Therefore the fall of potential across all the resistances will 
be .1 of their nominal values. The switch when placed at .1 (see upper right of fig. 1.544) 
not only i^aces the **Bhunt coil" in circuit, but also adds to the circuit a reaiatanoe of such 
valize that the total resistance of the entire potentiometer circuit is the same, otherwise .002 
ampere would not fiow and the fall of potential across each part of the potentiometer woifid 
not be exactly .1 of its nominal value. Placing the switch at position 1. disconiiects the 
"shunt coil" and short ciicuite the baUast resistance B.R. thus setting the potentSometer 
for normal use. 


variable potential difference, the value of which is known by r(ffer- 
ence to a standard of electromotive force. 

If the two potential differences be exactly Ixdanced, we have the usual 
potentiometer; if partly balanced, the indicating instrument 
vanometer) gives a measure of their difference, and we have a deflection 
p^antiometer. 
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As an laid in compr^iending the {ffindples invdved in any 
pot^tknneter, an analogy is useful. 

In figi 1,546, let OB, represent a section of a pipe carrying a current 
of water. Between the points M and M^ a pressure difference exists, 
ndnch, other things remaining unchanged, will increase with the distance 
between the points in question, the higher pressure being at M. If the 
pipe be tapped at M and M', and a branch pipe MPM' attached, a current 
flows, as indicated, and the current results from the pressure diffmnoe. 




Pressure difference in hydraulics is analogous to potential 
difference in electricity. A current flows in a conductor only 
when a potential difference exists. 

If, in the preceding paragraph but one, the terms ''conductor,^* ^'elec- 
tricity/* and "potential difference" be substitute^i, respeettvdy for 
"pipe/* "water" and "pressure difference" and refercLoe is made to flg* 
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,lt547 instead of 1,546, the same statements hold true without modihca- 
tion. The paragraph referred to will then read: Let OB, represent a 8ecti(m 
of a cx)ndCictor carrying a current of electricity. 

Between the points M and M', a potential difference exists, which, 
other things remaining unchanged, will increase with the distance 
■■''‘tween the points in question, the higher potential being at M. If tie 
conductor be tapped (contact made) at M and M', and a branch conductor 
MPM', attached, a current flows, as indicated, and the current results 
from the potential difference. 

Referring next to fig. 1,548, a rotary pump may be inserted 




.‘•'tos, 1,548 and 1.549. — Hydraulic analogy illuBtrating maintenance of pressure liiferencM 
between N and P. 


in branch MPM', rotating in the direction indicated by the 

?ITOW. 

By the action of the pump, a pressure difference can be maintained 
between N and P, with the higher pressure at N. It is easy to conceive 
of the pump being driven at constant speed, so as to maintain a steady 
pressure difference; and to imagine such strength of current in OB. that the 
pump exactly balances the pressure difference between M and M'. In 
this case, no current could flow through the branch MPM', because ths 
tendency to flow in one direction would be exactly neutralized by the 
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tendency to flow in the opposite direction; and this absence of cnrrent 
could be diown by some kind of flow indicating instrument inserted in the 
branch. 

IK^th the same substitution of terms as bef(»:e, the identical 
reasoning applies to fig. 1,549. 

Here a battery is represented as the source of potential difference an- 
alogous to the pump as the source of pressure difference. With these pre- 
liminary ideas, we proceed to a consideration of electrical circuits only. 


In the diagram hg. 1,550, the cell W, which may be an or* 



Fta. 1,650.— Efementary poten^joineter circuit illustrating condition of balance. 


dinary dry cell, causes a current to flow, in the direction indi- 
cated by the arrow, through the resistance OB. 

The result is a potential difference between any two points on OB, say 
between M and M', due to the fail of potential through the resis^oe 
between two points considered. With the current flowing as M- 
cated , M, is at a higher potential than M' , that is, M, is positive with respect 
to M'. 

Now consider the circuit MEGM', in which E, represents 
my source of steady potential difference and G, a galvano- 
meter. 


lifni 
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and consequently the resistance, between the points \rould corresponding* 
ly have to be increased or decreased, respectively, in order to maintain 
^ condition. 


It is thus seen that it is possible to oppose two potential 
differences in such a way that one will be exactly balanced by 
the other; and that a galvanometer, as an indicator, shows 
when such a condition exists. 



fiG, 1,652. — Queen slide wire bridge. It consists of a portable slide wire, Wheatstone bridge 
arranged to read directly in ohms in additicm to its use for locating crosses and grounds * 
It IS complete with battery, galvanometer and telephone receiver. The bridge is balancedi 
by moving the hand stylus until the galvanometer shows no dCilection or until there is no 
scNind in the telephone receiver. In order to provide a wide range of measurement and maxi- 
muna accuracy, ratio coils or multiplier's having values of 1, 10, 100, 1,000 and 10,000 are 
provided. The scale of the instrument is arranged m two parts, one of which indicates ohms 
and the other is divided into uniform divisions for use when locating crosses and grounds 
by the Murray and Varley loop methods. A small induction coil is included so as to furnish 
AD alternating current when using the telephone receiver. 


Assuming the value of E, to be exactly 1 volt, M and M', could then be 
set with, say 1,000 arbitrary resistance units between them. By means of 
the regulating rheostat R, the current in OB, could be adjusted until the 
galvanometer showed zero deflection, indicating the potential difference 
between M and M\ to be equal to that of £. 

Leaving current m OB, unchanged, it is noted that the fall of po<* 
tential along the resistance OB, is exactly 1 volt for each 1,000 units ol 
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resistance, or 1 millivolt per unit, because the current is the same in all 
parts of OB. This arrangement merely assumes that W, has a voltage 
high enough to produce the fall of potential as described. Its vdtage 
must, of course, be higher than the potential difference of E. 

Still leaving the current in OB, unchanged, substitute for E, another 
source of potential difference, this time of unknown value. In general. 



Pto. 1.5S3.— Brooks Model 7 deflection potentiometer. The deflection potentiometer finds its 
greatest use in laboratories where large numbers of d.c. deflection instruments have to be 
calibrated or checked. Before the deflection potentiometer was available, such measurementa 
were made against **laboratory standard*’ deflection instruments and these in ^\im were 
checked against a null potentiometer. While the deflection potentiometer is not as accurate 
as the null potentiometer, it is more accurate than the "laboratory standard" deflection 
instruments and for calitnratkm work is more rapid than either. In measurementa wheie 
the use of the deflection potentiometer eliminates the use of the "laboratory standard" de- 
flection instruments, the over-all accuracy of the measurements U improved. 

the relative positions of M and M^ will have to be shifted to restore the 
balance. Having found the balance point, the number of units of resist* 
ance between M and M^ will represent the number of miUivolts in the 
potential difference being measured. 

The fact that w^en the ^vanometer shows a balance, rio current flows 
in the circuit of which it is a component, deserves emphasis; because of 
this no current is taken from the source of electromotive force which is 
being measured. The importance of this is that the source of tfectro^ 
motive force undergoes no change due to the measurement. Likewise 
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when standardizing the patentiometer, no appreciable current ia 6mm 
from the standard cell. For this reason, a standard cell, if used careiitiHy* 
will last indefinitely, since it will never be r^uired to deliver any 
very minute currents, and these only during izihequent moments, 


dATTCRY VOLT SOX SHUNT STD- CELL 



Fzo. 1,554. — ^Diagram of internal connections of Brooks Model 7 deflection potentiometer, for 
a thorough understanding of the deflection potentiometer it is necessary to know the prin* 
ciples applying to potentiometers in general as exi^ained in the accompanying text . Briefly the 
deflection potentiometer is an mstrument in which the electromotive force to be measured 
k balanced approximately against a known electiomotive force. The small remaining dif- 
ference is read from the deflection of a galvanometer. The galvanometer serves the double 
purpose of detector in the potentiometer circuit and of a volt meter for measuring the unbal- 
ance portion of the electromotive force. 'In order for the g^vanometer deflection to accu- 
rately repre^t the unbalanced voltage, it is necessary that the total resistance in the gal- 
vanometer circuit remain unchanged for all potentiometer settings. The principal p^t in 
the design of a deflection potentiometer is the compensation which keeps the galvanometer 
circuit resistance at a constant value. The compensation is made by means of atn^ia^ 
compensating coils, so connected in the main dial circuit, that the rotation of the dkl does 
not alter the resistance in the galvanometer circuit. These compensating coils are dbovn in 
the above diagram. Fundamentally any potentiometer measures voltage, but the measure* 
ment of current requires duly the additioa of standardised resistances, or curreiit shunti. 
The deflection potentiofneter measures current by measuring the voltsge at the poientia! 
tsmunals of a standard resistance, consequently the general theory is thosame^ tte mir* 
fsOt, as lor the vottaga maasurenients. 
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The standard cell may be connected across one portion of AB, and the 
current adjusted, as described, and the unknown potentia} difference may 
be balanced against the fall of potential in another^porti^ of AB. The 
connections for accompli^iing this with a single gah^ometer are shown 
in fig. 1,555. ^ 

Location of Opens. — These measurements are based on the 
htct that the capacity of wires in a cable is ordinarily a meas- 
urable quantity, which, in wire of iiniform diameter, is pro- 



Fro. 1,^. — ^Potentiometer circuit diagram. 


portionate to length. In making these tests, a fault finder is 
used together with a buzzer, dry cells to operate it, small in- 
duction coil, and telephone receiver. These instruments are 
to be found in any telephone exchange. It is best to locate the 
buzzer at some distance from the fault finder in order that it 
cannot be heard by the operator. 
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Before attempting locations for opens it is well to make the 
following measurements: 

1. The insulation of the broken wire aiKl the insulatkm of 
the good wire with which it is to be compared; 

2. The resistance between the two sections of the broken 
wire should be measured. 



Pio. 1,556.— Queen Gray simplified potentioiiieter. The circuit consists of n group of 22 one 
hiin^sd ohm coils (the dial switch at the lower left in illustration) end a slide wire, of eiactly 
one hundred ohms, in series. The currant raquirad for the circuit is .001 ampere, therefoe 
the Ml of f^tentUU over each coil is .1 volt and likewise .1 volt over the entire ^ido wirt* 
The slide wire readable to .0001 volt (1 roilii>volt) there^ giving the potentiometer a range 
from .001 volt to 23 volts. The standard cell is connected to posts for the same ai|d when 
the knife switch is placed at STD. CELL ita terminals are connected to the movable cxmtaOs 
of the dial switch and the slide wire. To standardise the potentiometer in terms of the 
standard cell the potentiometer it set to the value of the standard cell and the regulating 
rheostat adjusted until the galvanometer is balanced. The knife switch is then Itooed at 
E.M.F.» and the galvanometer egain balanced by adjusting the potentiometer for tha 
mkkttowa potential. 

Tliis may be done by joining the broken wire and a good wire at the 
diitadt end of the cable and measuring the .resistance ot the loop* To 
eosure dose locatione, this resistance should be over 100,000 ohms. Fa^ 
locations can be made when the resistance is much lower mid it is wortli 
while to attempt it even if the resistance be as low as 10,000 tduns. 
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difficulty of determining the balance pdnt increases as the revstance 
decreases. 

Ones. Describe one form id potentiometer. 

Ans. As shown in fig. 1,557, it ccm^sts of a fine Gemuhi 
ffllver wire about 3 feet long stretched between the Wnding 
posts A, B, which are attached to a wooden base carrying a 
scale divided into 1,000 equal parts. There are three circuits, 
the terminal A, being included in each, one including the bat- 
tery, and the other two the galvanometer. A three point 



swi tch connects the galvanometer in series with the standard 
cell SC^ w the cell to be tested C, the circuits being compteted 
by l eads terminating in the sliding contacts M and S. 

Qflf Describe the method of measnriiig (he voltage of a 
cefl with a potentiometer. 

Ans. Fig. 1,557 shows a method of coniparing a pressure 
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with that of a standard cell and is apphcable whetha: the pres- 
sure of the cell to be tested be greater or less than that of the 
standard cell. In making the test the switdi F, is first closed, 
then the other switch is moved to D and M, adjusted till gal- 
vanometer shows no deflection; similarly, the switch is moved 
to G and S, adjusted till galvanometer shows no de&ctkm. 
Then, C:SC*AS:AM, from which C=SCxAS+AM. 

1.016 volts be the known vdtage of the standard ceP 
SC> and the scale reading of AS, be 657, and of AM, 225 as in the figure.. 

C.‘.<’«;-«r.2.966'rolK 
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The arrangement may, however, be made direct reading, that is, the 
slide wire may have a sc^e of volts instead of lengths or r^tances, as 
Mkm: Suppose the standard cell to have a pressure of 1.434 volts, the 
tdiding contact M, is placed at the reading 1.434, and the adjustable re- 
aiitanoe varied till the galvanometer shows no current. This means that 
tiie pressure between A and M, is 1.434, and consequently the pressures 
ah along tiie slide can be read ol! the in 9oU$. Hence, wtm S. has 
been adjusted to balance, the pressure of C, is read off the scale in volts 
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How to Use a Potentfometer.— All ccmnections must be 
made as indicated by the stamping on the instrument. Par- 
ticular attention must be given to the polarity of the standard 
cell, of the battery, and of the voltage, the corresponding + 
and — signs being marked. If used with a wall galvanometer 
having a telescope and scale, it will be found convenient to 
place the potentiometer so that the telescope is directly over 
the glass index of the slide wire, thus permitting the observer 
to read the galvanometer deflections and potentiometer set- 
tings Avithout changing his position. 



Fio. 1,559. — SiropUfieJ diagram for chedang the slide wire of Leeds and Northrup type K, 
potentiometer. To check the uniformity of the slide wire, connect posts marked BA, and C, 
by a heavy copper wire, not smaller than No. 10 B & S. Post C. will be found between tha 
kmbs of the regulating rheostat. Place switch S, on E.M.F., and plug P, at 1. Short cir- 
cuit the E.M.F. posts, and connect the galvanometer to the GA, posts, and the battery 
(not in excess of 3 volts) to the posts marked BR and -BA. The slide wire can now be chedBed 
against the five ohm coils by the law of the Wheatstone bridge. This will be evident from 
the simplified diagram. The contacts M and M% form one pair of junctions with the i^- 
vanometer between, while the posts BR and -BA, form the second pair of junctiona with 
the baf*-nr between. 

Potentiometer Current.^—A storage battery will be found advantage- 
ous for producing a steady current in the potentiometer. If a storage 
battery be not available, two good dry cells, connected in series, will be 
found satisfactory. The regulating rheostat has been designed to take 
care of either kind of current source. 

Checking Against Standard Cell * — Set the standard cell switch to 
correspond with the certified of the standard cdl. Place plug in 
hole 1, and see that it is always* in this position when checking agaixtst the 
standard cell. Place the double throw switch at STD. CELL. 


NOTE. >*Ea«eptHm:Sae**MMiiiagnStagesfm 
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die regulating rheostat until the galvanometer dwws nothtSeH* 
tion. ui making the het adjustment, use the key marked RES.^ as g 
halancnis more nearly attaint, use key RES*, and for the final 
use key marked 0. 0, ^ves the maximum sensitivity. To asocrtafai 

if the current in the potentiometer circuit alter during a measuremeot. 
idug in at 1, throw switch S, to STD. CELL, dose the galvanometer bqr. 
No deflection indicates that the current has not chaiised. If the gd* 
vanometer deflect, the r^^lating rheostat must be readjusted. 

Mtmuring Unknown Preaaure . — The potentunneter ordinarily is di- 
rect reading for voltages up to 1.61 volts. Above 1.61 volts a v^- bos 


CSC 
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l,56C.~Mea8iirement of cnirent with Leeds and Northrup type K. potentioinetar. TUi 
ia done by measuring the drop in volts across a known resistance as shown. S, Is the 
standard resistance, and on it are the potential terminals P and the current tennhuds 
CC. The potentiometer- is connected to the shunt throuidt the posts marked FP. Itm 
resistance between the points PT . is adjusted to an even value of lesistance. Most restet- 
anoes for this purpose are so chosen, that to det rmine the current passuKr 'ugh the 
shunt, it is necessary only to multiply the potentiomter reading by a daciinai factor. For 
instance, in using a .01 ohm standard it is n e c e s s a ry to multiply the potentiometer reading 
by 100, which gives the current reading in amper s; in the some way a .1 ohm requires imil* 
dpheation by 10, and a .001 ohm by 1,000. The very wide range of this potentionsster, and 
especially its accuracy in measurement of low pressures, makes it possible to use a restataaos 
etandard for a very wide range of current measurements. If the resistance standards tor 
measuring large currents be selected for use with the low renge of the potentioinMr, they 
will cost less and be easier to handle than if selected for a high range potmtiometer. 

duukt be used. However, by means of the method described later, volt- 
ages up to 16,1 volts may be measured without a volt bok. Themed^ 
is recommended only in special cases. 

After “checking against standard otil" place mitcb S, on EJM.F. The 
balance for tlte mdeoemn piesnire fo obtained by manipulatifig did awitdi 
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D, and rotating the contact on the dide wire. The final position of ^ 
two contacts in ccmjunction with the position of jAug P, indkates the 
jkJlmtioineter reeding. Use key RES^. for rough adjustment, key 
for intermediate adjustment ard key O, for fi^ adjustment. 

Plug at 1 or .2.— Plug P, at 1, gives readings directly from the settings 
<A the dial switch and the slide wire contact. 

Plug P, at .1 shunts the potentiometer circuit so that the reading is 
one-tenth of reading taken directly from the scales. 

Place plug P, in hole 1 for voltages horn .161 to 1.61 volts. 

Place plug P, in hole .1 for voltages up to .161 volt. * 

BxmmpiU * — A balance waa obtained v/ith the dial switch at 1.3 and the aUde win 
at 176 and plug P, at 1. The voltage under teat, therefore, ia 1 3176. If the plug were at .1 
Use aaine readi^ would have indicated .13176. 



Fto. 1,5S1.— Leeds and Korthrup variable lesutance atandard. For meaBurements of reaiatanca 
Ibh than 1 ohm the Kelvin Brid^ provided tne modt accurate and flexible method. Thia 
instrument finda its greatest use in checking or comparing low resistance standarda and in 
the measurement of the conductivity and resistivity of low resistance samples. 


Metmuring Voltages from IM to Voltages up to 16.1 volts 
may be measured directly by using a greater voltage across the BA posts. 
For this purpose a battery of about 20 volts should be used. Insert plug P, 
at .1 and throw the switch to STD. CELL. Then balance the g^va^ 
nometer by means of the regulating rheostat. When balanced, insert 
plug P, at 1, set switch S, on E.M.F. and read the voltage in the usual 
manner. Multiply the instrument reading by 10. 

Use of a Volt Bcnc.— T o mee^ure voltages above the direct range of the 
potentiometer it is necessary to connect the voltage across a high resist- 
anee and to measure With the potentiometer a definite fraction of the 
total voltage. Fig. 1,562 shows the method in diagram, and regments 
the oonnections of a volt bos. 
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AB, ii a liigh resistance of which AC, is one hve^hundredth; AD;is one* 
two hundred-fiftieth; A£, is one-huncMth; AP, one-fiftietii, etc. of tibe 
total reftstance. The potentiometer reading is multiplied by 2, S, 10, 20 
SO, 100, 200, or 500, depending upon whether the voltage beroimectedfii 
AD, AE, AF, AG, AH, AI, AJ, or AB. 

Connect the grounded side of the line to the GR, post and the un* 
grounded side to the post marked with the voltage next higher thm the 
voltage to be measured. Connect the GR^ post to the potentiometei 
E.M.F, post of the same polarity as the grounded side of the line, and 




Ftos. 1,562 and 1,563.— MetiMd of using a vdt bos with Leedt and NorthruptypeK, pofientio- 


the other ^tendometer \)ost on the vdt box to the other E JViJF', post on 
the potentiometer. Multiply the potentkmieter reading by the multi]^ 
as indicated. 



Testing and Testing Apparatv^ 1,097 


With connections as described, maximum sensitivity is obtained and 
the current drawn from the line never exceeds .005 ampere. For work in 
whidi it is desired to draw less than .005 ampere from the line and the 
sensitivity is sufficient, the ungrounded lead from the potentiometer 
should be connected to one of the voltage posts as shown by the broken 
lines in fig. 1,563. 

The multiplying factor will then be that at the post connected to the 
line lead, divided by that at the post connected to the lead from the poten- 
tiometer. For example, to measure 110 volts without drawing more than 
.001 ampere from the line, connect as shown by the broken lines in fig. 
1,563, and multiply the potentiometer reading by the ratio of 500 to 5. 
or 100. 

Never apply a higher voltage between the GR, post and any numbered 
post than the voltage engraved at that post. To do so might seriously 
damage the volt box. 

Care of Potentiometer.— The slide wire, although pro- 
tected to a great extent by the hood, in time accumulates dust 
and dirt with a thin film of oxide. This will tend to increase 
the resistande in this part of the circuit owing to poor contact. 
This wire should, therefore, be cleaned occasionally. 

To do this, unscrew the stop against which the hood strikes when turned 
to read xero; then remove the hood and rub the entire slide wire vigor* 
ously with a soft cloth dipped in vaseline. Do not use emery or sand paper 
as this will destroy the uniformity of the slide wire. Clean also the steel 
contact which rubs on the wire, as this becomes glaxed after much use. 
When the potentiometer is not in use, the hood should be screwed all 
the way down, and the lid put in place to exclude dust. 

If it be used in a chemical factory, laboratory, or any place where acid 
fumes are prevalent, this latter precaution is important, because the 
fumes may attack the slide wire. 

It is also well to keep the contact surfaces of the switch studs clean and 
bri^t by wiping them occasionally with a soft cloth dipped in vaseline. 

Location of Faults Where the Loop Is Composed of Cables 
of Different Cross Sections.— Faults in loops of this character 
may be located with the same degree of accuracy as those in 
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loops ol a unifOTm cross section, provided the length and cross 
sectkm of each length of cable are known. An ezample ^ 
illustrate the method: 

In the diagram, fig. 1 ,565, assume the length of the cable A£ 
to be 550 yards of 25,000 dr. mil., EF, 500 yards of 40,000 dr, 



flui. 1,564.— Leeds and Northrup bridge for locating faults in power drcuita. From the 
diagram of connections shown m hg. 1,565, it will be seen that the instrument operates on 
the sl»(le w re princ.ple. A galvanometer is mounted in the instrument, and the necessary 
leads for omnecting to the cable under test are provided. Fault locations am made by 
meansof the Murray loop te..t. Mounted upon a circular blode inside the case of the instru- 
maut is n low resistance did i wire. This wire is made large so that a heavy test current mhy 
he used, thttt giving a good sensitivity in making locations. A sliding contact moves upon 
the bridge wire, and cmries with it a pointer moving over a scale on the top of the contaii^ 
caaet scale is divided into 9G0 divisions, each division being About two iniUimeters. 
The gradtuitions on the slide wire dial stop ten divisions either «i^ of the ends. The end 
dhriaions am marked lOand 990. The resistance of each lead is therefore equal to the reii|i« 
ahee entte^onding to ten divisiqos of the dide wire. It wlU thus be seen that the 
nehielly faeghis at the outer end of the leads, thus entirdy dimhinting lead restetaitces. 
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mil., and FC, 1,0S0 yards of 30,000 dr. mil. These lengths 
mimt be reduced by calculation to equivalent lengths of cm 
size, and fca this purpose it is best to select the laq^t dze. 
The results of this calculatitm are as follows: 

550 yds. of 25,000 dr. mil. = 880 yds. of 40,000 dr. mil. 
500 “ “ 40,000 “ “ = 500 “ “40,000 “ “ 

1,050 “ “30,000 “ “ »1,400 “ “40,000 “ “ 

This makes the total resistance of the loop equivalent to 

Ah, af i00ds m mchmA is tfus/ h iOAmskm 
«/ aAldk min. ^ s/ak min is Aiiikt tnh 
An UaA srSAkdmitms 


Pb. 1»S65,— Diagram of Leeds and Northmp bridge for locating faults in posrer circuits, shesv^ 
ing arrangement of the oonnectkms including the lead cablm and galvanomeier contacts. 
Malm connections as shown. The clamps must be so fastened at A and C, that the contact 
resistances will be very small. This contact resistance will figure ia as an error in the meas- 
urement. If, for instance, the contact resistance were equal to .001 of an ohm, and the 
wire were of such a eixe that .001 of an ohm were equal to the resistance of 20 fret of tte 
cable, there would be an error of 20 fret ia the location of the fault. For this reason idl 
contact mistancre throughout the loop from A to C, must be extremely email. The battery 
is to be connected to the poets maiked Ba, and the post marked Gr, is to be grounded. It 
will very frequently happen that the ground is to the cable sheath or aome other conductor. 
In this case, the bindiag post Gr, should be grouncled to th e conductor. Suffic ent battery 
should be U3 .k 1 to give n readable deflect'on on the galvanometer for a small movement ol 
the contact on the bridge w.re. The fault is located by the usual Mumy formula. If, Ire 
instance, the galvanometer show no deflect on when the contact is at 300 on the scale, it 
would irid cate that the fault is at a d stance from A, equal to .003 of the total length ol 
the loop from A to C. A test ng current of five amperes may be used w‘th this bridge. 
In esses of necessity, this current may be increared to e ght amperes, but when th,s current 
is used it should not be allowed to pass through the bridge for a longer time than is necessary . 
It frequently happens that small faults wh eh have a very h gh reshtance develop in high 
preaiure calte. Such faults are 1 kely to break down and rs^t in damage and should be 
located. It is iisuaUy impoes ble to locate there faults until they have been partially ere- 
bpnlaed. Th • must done by apply Jig a euflic ently h gh voltage between the cable am) 
the eheath (or whatever it is groimded on) to break down the fault. In order to prevent 
the breaking down procees resulting in a seriotia bum out, a high ns.stance inuut be 
placed in the c rou t which will prevent an excessive current* re tlwciicmt imist becgtsfiilkr 
fused The former procedure it Hie better 
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2,780 yards of 40,000 cir. mil. If the contact show a balance 
for a reading of 372.5, this indicates that the fault is at a dis* 
tance of of 2,780 = 1,035.5 equivalent yards. Of this, 880 
are in the stretch AE. Consequently the fault is: 

1,035.5 —880=155.5 yards from E. 

Insulation and the Measurement of its Resistance. — ^All 
electrical insulating materials have two fundamental electrical 
properties: 



1,566. — I^eeda and Northrup insulation testing set. MTl^ver cable testing apparatus 
is to be pennanently set np and used in a laboratory or test room a desirable combiiiatkm 
consists of an outfit mi^e up of the individual instruments mounted so as to secure amjde 
insulation, and so wired that the connections may be easily traced. The set here shown is 
for insulation testing, and includes all necessary instruments for this work. The galvano^ 
metor and lamp and scale, however, are not shown. The best insulation is secured by mount- 
ing all the instruments, with the exception of the galvanometer and lamp and scale, upon a 
substantial hard rubber plate. The connections are made by heavy enameled wires run in 
air and held m place by hard rubber posts, petticoat insulated. All swiuhes and losys are 
of subsiantial construction and are so arranged that they may be conveniently operated. 


1. Insulation resistance; and 

2. Dielectric strength. 

By definition, insulation resistance is the opposition to the 
passage of current, and dielectric strength is the strength agamsi 
SreaMown under static or high wUage stress. 
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Insulatioa resistance is expressed in ohms or megohms 
(millicms of duns) and is proportional to the thickness of s 
homogeneous insulating material and inversely proportional td 
the area under test. 

Thus if a sheet of such material on each side of which is a metallic oon^ 
ductor be in perfect contact over the whole area, the insulation resistance 
might be 100 megohms. Now if the sheet and metallic conductors be ex- 
tended to ten times the area, the insulation resistance will be only 10 





Fkos. 1,567 to l,570.-^Diagrani8 showing how insulation resistance is theoretically ^*propor^ 
tional to the thickness of a material and inversely proportional to the area under test/' 


megohms, see figs. 1,567 and 1,568. This illustrates why the insulation 
resistance of a short length of good wire or cable, for example, is higher 
than that of a greater length of the same conductor under similar conditions. 
On the other hand, if the thickness of the insulating material mentioned 
above be doubled, the insulation resistance becomes 200 megohmu and 20 
megohms respectively. 

Dielectric strength as it is ordinarily conceived, is expressdl 
tn terms of the mltage at which insulation putuUures or fails at 
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erne p^nt dm to static stress.* It is not afiected by tibe area 
of a homogeneous insulating material, but does increase 
inoeased thickness, as shown in figs. 1,571 and 1,572. 

Die^ctric strength can be measured only by testing to fail- 
ure,— similar in iKindple to the way samples of building ma- 
terUd are tested to destruction. 



It must be clearly imderstood that the two properties — in- 
sulation resistance and dielectric strength, are entirely distinct 
and separate, and that both are impcatant. 


*K<Xr £. — Curmni through a roaUtoneo causes heat; if this heat be not dissipated, 
it Oitises a Tsductiim in the resistaiioe of the insulating nuterial (the temperature co-aflidenr 

hwilating materials being negative and numerically large; this causes further heating and 
lacmased current vrhkh then rapidly proceeds to /aflurs at that particular point, llierefore 
Iraa dValeetrle atrangth is **tha triUeai poita^a at a$$d oAsre utkick the tMcrsoss of imparatgra 
da tka h^uMhsg matariat imraaaai Ma curreid daaaity and iha tampaf^ara wdffiniiatyt ihtinibr 
shaft dfCidtiiig the applied potential and deetroying the ineulator. Below this critical v^tags 
the oonditjKms are stable and the msiilatcr is good.** 
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Up to the present time no simf^ relation between the two has been found . 
Insolation resistance cannot be taken as a measure of the voltaic teqt^ed 
to cause a breakdown or puncture of the insulation, but it is a valuable 
in this respect. 

Many engineers find it wise to make insulation resistance tests during 
manufacture and after repairs, b^ore applying the high voltage test, in 
order, as far as possible, to avoid unneonsary breakdown. Also, it been 



f'lQ. I,S73.'^Testiiig armaturea with Biddle **Meg** iiMulation teeter in an electrical repair 
shop. 


found that, under certain conditions, the insulation resistance of electrical 
apparatus will decrease owing to the application of high voltage even 
though dielectric breakdown did not occur. This is entirely in addition to 
the apparent reduction in dielectric strength itself which occurs when ther 
l^h voltage test is prolonged. 

There is no way in which the high- voltage dielectric test can 
indicate low insulation resistance without causing failure:^ 
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If the insulation break down, it only indicates that the insulation was 
we^ at the particular point where breakdown occurred. Furthermore, 
high voltage testing does subject dectrical equipment to serious risk of 
unnecessary and permanent injury, particularly old equipment whm the 
applicaticai of high voltage is ‘'playing with fire” as far as trouble is con- 
cerned. 

By the insulation resistance test, the condition of a piece of electrical 
apparatus can be determined. If the insulation of a dynamo, motor or 
cable contain moisture, or is deteriorated, a so called high voltage break- 
down is liable not to be a dielectric point or points of the poor insulation. 



Thus the insulation is completely and permanently injured by the high 
voltage current, whereas an insulation resistance test would show, without 
risk of injury, whether the machine or cable was in condition safe for con- 
tinued operation. Many a high voltage failure has been due to nothing 
more than that. 

In all low voltage apparatus, static strains are so small that they need 
not be considered. In high voltage apparatus, the static strains become 
very important, but not more important than resistance to the leakage 
of current. In all apparatus, insulation must be planned to be safe against 
fiailure either way. 

Leakv insulation is liable to have the defect at some particular poiiit* 
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however, hard it may be to locate or poeitively determine it. Tfarou^ 
tlda defect a small leakage of current flows. 

By reason of electrolytic action, or a local rise of temperature, 
or both, the resistance decreases and more current flows. This 
may go on, accompanied by slight charring, which further 
decreases the resistance, allowing still more current to flow. 
The effect is cumulative, so that at last a real bum out may 



Kxo. 1,S75.-— A high range “Megger'* testing set ready for use 


occur, caused by a large flow of current through what was at 
first a very small leak. 

On an over voltage test, an increased leakage of current flows as the r^ult 
of the high voltage, and thus in the same way a breakdown may be pro- 
duced in a few seconds, which in normal operation would have occurred 
only after a long time, or perhaps not at all. In fact, if a leak be due to 
moisture, dirt or any other transient condition, or is local in some particular 
part of the apparatus, a breakdown need not occur; for a measurement 
of insulation resistance will show that the additions are not safe ior the 
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opevation of the apparatus, much less for the application of over voltage. 
Under these conditions the source of the trouble should be sought, ata! in 
many instances can be located and easily remedied. 


The high voltage test is not a measure of the condition of the 
iniulation; the insulation resistance test is such a measure. 

If no local condition can be found it ma^ be concluded that the leak 
causing the low insulation resistance is distributed through the insulation; 
in such cases, the apparatus may be considered all right, providingtheinsuia* 
tion resistance do not fluctuate widely with operating conditions nor show 
a definite falling off as time goes on. Therefore, an insulation reswtance 
test should be made in advance of the dielectric test as a means of guarding 



Fw. 1,576, — Scale of Biddle high rar*BC Mtuger testing set. With the *'l/' ratio switch this 
scale may be divided by 10 and by 100. so that it may have the additional racii.es of 2K)0.000 
ohms to 100 megohms and 20,000 ohms to 10 megohms. 


against failure due to leaks while subject to high voltage. It should be re- 
peated after such a test in order to make sure that the insulation has not 
been permanently weakened by the application of high voltage. 


Surface leakage, while not a defect of the insulatirx; material, 
a surface leakage path through oil, dirt, metallic dust or mois- 
ture from an exposed conductor to ground, or between con- 
ductors, may lead to a “flash over” and serious danoage to the 
apparatus. 

W'Ding off a machine is no {guarantee that such paths have been elimin- 
ated. Tests of insulation resistance will reveal their presence. In most 
tests nothing is known of the exact area or thickness of insulation, while 
. it is certain that it is not perfectly homogeneous and the conductors mav 
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mA be in perfect contact with its entire surfece. Also, there may be sur* 
fece leakage paths. Therefore, when any particular value is noted tn 
raaldng a test, it is impossible to know whether it be due to general ^aiac> 
teristics or to some local defect. 

If the resistance be too low for safe operaticni, the cause 
should be sought, -it may be due to moisture even dirt, and 
remedied if possible. 

Often by separating connections, the location of a real leak 
due to a defect in the insulation can be determined and repairs 
made. 



/lo 1 ,577 .^-Schematic diagram showing how the eEfects of surface teakafs on appaiatiii nadir 
lest may be eliminated by the extension of the guard system from the guard tenninal of a 
nigh range "Megger** testing set. 


On the other hand, if the insulation resistance be sufiidently to 
permit operation, its value may increase as time goes on, particularly if at 
the beginning the apparatus were not thoroughly dry* However, if a leak 
even of very high resistance, due to a local defect in the insulation* be 
present, there is a possibility that it may gradually decrease in redatanee 
until finahy it results in a breakdown. 

The insulation re^tance test preceding the his^ vdtage test. 
<tetermines to a large extent whether the insulation be likdy to 
break down under the application of hi§^ voltage. 
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Very often it occurs that moisture has gotten in or there exist paths for 
leakage which should be dried out or removed before applying the high 
voltage. Thus to a great extent, unnecessary breakdown can be peeventiA^ 

The insulation resistance test following the high voltage test is the c^y 
method known for determining whether the high voltage has injured 
apparatus which otherwise did not show an actual breakdown when the 
t^h voltage was applied. It is well known that the application of high 
voltage may weaken insulation without causing failure. 



Pto. X,578.— Diagram of electrical connections similar to fig. 1,5S5 but induding the guiad 
•srstem and the ratio switch arrangement. Tha guard ayatem: When measuring high resist- 
ancses, having values on the ocder of those indicated by ''Megger'* instruments, it becomes 
necessary to guard against errors due to surface leakage (and even the insulation used in the 
instrument itself). To accomplish this, what is called a guard system is used, consisting of 
hard rubber bushings, mica and other insulating materials, in oparation, current may leak 
over the surface of the case from the positive earth terminal toward the negative line term* 
inal, but as soon as it readies the guard ring, it is carried back directly to the negative side 
of the dynamo or appUed voltage. As the leaka^ current is thus unable to flow into the 
hne terminal and on through the moving dement, it cannot affect the indication on the scale. 


If the insulation resistance be low, separate the various con* 
pections of the apparatus and test each part separately, in an 
endeavor to locate and remedy the trouble. 

For instance, in a c. motw or dynamo, lift the brudtee and sqniatie 
the oooneetioaa to brush holders and field. Test armature, brush holders 
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Pia. 1,579. — Diagram of internal connections of Biddle "Megger" testing set. The change 
over switch is shown set to "Bridge." As the name implies, the set combines the functions 
of a Wheatstone bridge and a "Megger" testing set. When working as a “Bridge” pres- 
sure is supplied by the hand magneto, the current coil of the ohm meter acts as a galvano- 
meter and an auxiliary dial resistance liox is used for direct comparison with the resistance 
under test, using the ratios 1 to 1. 1 to 10, or 1 to 100 as needed. By interchanging the re- 
sistance box with the resistance under test (see hg. 1,583) the ratios become 1 to 1, 10 to 1 
qr 100 to 1. The principle of operation is identically the same as that of any Tl^eatstone 
bridge. 



Fto, 1,580. — ^Biddle Bridge-Megger testing set with direct reading resistance box connected 


ready for use. 
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Fio. 1,581.— Eitemal oonnectkms for Bridge Megger measurements un' i-r 1 .r 'O .. 




Fio. Iv582. — Internal connections for Ixidge mensuicmenU under 10, (KX) ohnu. A. current 
coll used US galvanometer coil; B, resistance to iie measured: C, pressure coil used as control 
roil. 

fiOTK,^Starting th« “JHegger'* method. In starting Uie **Meggcr** method of elec* 
tricat maintenance, particularly on motors, wiring, etc , in imlustrial plants, it be found 
difiicult W secure and maintain the one megohm stanuard, Uut conditions can be improved 
'gradually as time permits workmen to clean pans, renew deteriorated insulation, dry out 
moisture, etc., so that a higher working standard can be amved at after a reasotmble time* 
Thoae who maintain tlie cciuivalent ot t js one megohm standard find from experience that 1| 
the insulation lesistance of their equipment be up to such values, trouhles are so much less 
tikety to occur that results are worth far more th^ tlie eilort aii.! exiieavc involved bi n^idif 
the tests. 
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and fidd. If necessary, test each brush holder and field coil sepaiatdy. 
The trouble may be due to nothing more than moisture or '^green'* 
tion» in wluch case the apparatus should be dried out or baked until the 
insulation resistance beeves constant at a reasonable value. Bear in 
mind that the insulation resistance of a completely connected machtne 
or piece of apparatus is less than the insulation resistance of any of the 
separate parts. 

Regulations for insulation resistance by the American In* 
stitute of Electrical Engineers and also by the Underwriters 
Laboratories, indicate what may be call^ “code" rules for 



PiQ. 1,SS3. — External connections for Bridge *'Megger” measurements over 10,000 ohma. 


minimum values of insulation resistance, below which there is 
felt to be imminent danger of failure of the apparatus. 

In actual practice, readings much higher than these usually are found on 
electrical equipment both new and old. From a study of results obtained 
by alar^r number of**Megger” users.itis observed that in general an insula- 
tion resistance of one megohm is considered a fair allowable lower lunit 
on the ordinary run of electrical apparatus, such as motors, dynamos, 
locary converters, power cables and wiring, etc. There are exceptions of 
oouise, such as large machines and long cables where readings lower than 
one megohm may be considered entirely satisfactory. 

High tension transformers and similar equipment, if not oil imtneiMd, 
usually have much higher insulation resistance. 


NOTE.— With imuhitjdn retittanoe of one megohm it ii reaeonablyoertaiii that them i 
NKtooe ewlam hwlu aad alio that itotnor aimemtm, at learn, it 
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Prtac^e of <^8tioD of “Megger” testing set.~The ‘Meg- 
ger” insulation testing and high resistance measuring instru- 
ment consists essentially of a direct reading true ohm meter 
of the permanent magnet, moving coil type mounted in a suit- 
able case ^th a hand driven magneto or provided with other 
means for supplying d.c. voltage for the test. 
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PtQ. It584.— ‘Internal connections for Bridge **Meggtr’' measurements showing actual < 
Aections to terminals R and X. 


TTie diagram fig. 1,585 shows the essential magnetic circuit 
and electrical connections. M and M , are permanent bar mag- 
nets. Between the poles at one end is the armature D, of the 
hand driven d 3 mamo and between the poles at the otl^ end 
is the moving system of the true ohm meter. 

In the “Megger” and “Meg” ohm metos, the hand magneto 
is omitted and an external d.c. voltage is used, see fig. 1,586, 


GALVANOMETER COIL 
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tkm of Biddle ‘‘Megger’* imulation testing and liigh resistame rtieasuring instnimenU. 



V\o, 1*586.-— Diagram of elecUv al connectiona showing principle of operation of **Meg** and 
''Megger** ohm meteri. 
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The ohm meter han three coils: A. B and B' (see figs. 1,585 and l,5B7> 
fixed rigidty together and free to rotate about the axis 0. 

There are no controlling springs, but current is led to the coils by flexible 
copper ligaments having the least possible torsion, so that the pointer 
“flc«ts” over the scale when the dynamo is not being operated. 

Coils B and B'. are connected in series through the resistance R, across 
the generated voltage; they constitute the “control" element of the ohm 
meter and give the instrument the property of indicating correctly irre- 
spective of the exact value of the voltage generated or supplied, or the 



Fka. 1387.— Moving system of Biddle Megger testing set. 


Stimigth of the permanent magnets. These coils are so connected tim 
vihen voltage is applied they tend to turn the axis in counter clockwise 
direction until they assume a position where their rate of cutting the mag- 
netic flux is aero, that is. directly opposite the gap in the C. shaped iron 
core about which B'. moves. The pointer then indicates ii^nity on the 
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scale. This is what happens when a **Megga'” instrument is operated with 
nothing connected across the terminals Earth and Line. 

The moving coil A, which is always in a uniform radial magnetic field, 
receives current from the magneto through the resistance €<nl and the un- 
Imown resistance connected to the terminals Earth and Line. The dec* 
trical connections are such that this current tends to turn the axis in a 
dockwise direction, in oppoa^an to that of B and B'. 

When the Earth and Line terminals are short circuited the torque pro- 
duced by A. overpowers that of B and B^ and the pointer stands over the 



I^Q. l,SS8.--Method of testing each wire of a multi-conductor cable with Riddle 
tatting tet. Seiect about fifteen or twent/ wirea at random in the particular bunch under 
teat and test each ore against all other wires in tliat bunch. Repeat for each bunch of whaa. 
If ^ t^e wires in tlie cable test clear, make the remaining splicet. When a number of taali 
of this kind aft io be made, it is convenient to use a motor driven **Megier** testing aet. 


point marked Zero. If now a suitable resistance be connected to the 
external terminals, the current from the magneto has two paths available 
and will divide, part pasdi^ through the ''control*’ coils B and B', and part 
coil A, in series with the resistance under test. The result is that 
the opposing torques of the two elements balance one another at a point 
cm the scale corresponding to the value of the resistance connected. In 
this way, by udngVaiiousvaluesof resistance, the entire scale is calibrated. 

Because the two dements of the ohm meter are sufqplied from the samv 
source of voltage, the pointer will always move to the same position for 
n given resistance under test. 
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Any change of zna^eto or applied voltage affects both circuits in the 
same proportion. Similarly the strength of the permanent magnets can 
vary consklerably without affecting the accuracy of the instrument. 

TEST QUESTIONS 

1. What error is introduced in measuring the pressure 

of a battery with an ordinary volt meter? 

2. Define the International volt. 

3. What is the standard of current measurement? 

4. What is a volt meter? 

5. Upon what do the various tests made by the prao 

tical electrician depend? 

6 . Define the Internatioruxl ohm. 

7. Name and explain seven methods of measuring 

resistance. 

8 . Upon what is the direct deflection method based? 

9. Describe a resistance box. 

10. What method oj measuring resistance is used in elec- 

trical stations? 

11. What is the drop method used for? 

12. Describe the so called Wheatstone bridge, and explain 

its use. 

13. What is the decade plan? 

14. What is a testing set? 

15. What is a loop test? 

16. Describe the Murray loop, Varley loop and special 

loop tests. 

17. What are the various loop tests used for? 

18. Describe die Kelvin bridge and its use. 
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19. What is a reversible slide wire bridge used for? 

20. Describe the test for location of opens. 

21. Describe the tests for telegraph arul other multiple 

cables. 

22. Give the method of picking out a grounded wire. 

23. What kir\d of test is the Varley loop specially used 

for? 

24. Give some notes on the Varley test. 

25. Describe the direct reading ohm meter. 

26. What is a potentiometer 1 

27. Explain the principle of the potentiometer. 

28. Name three classes of potentiometers. 

29. Describe a slide wire bridge. 

30. How is the voltage of a cell measured with the poten- 

tiometer! 

31. How is a volt box used with a potentiometer? 

32. Describe the location of faults where the bop is com- 

posed of cables of different cross sections. 

33. Name two properties of insulating materials. 

34. What may result from surface leakage! 

35. Describe the instruments used for insulation testing. 

36. Name two fundamental electrical properties of all 

insulating materials. 

37. Define insulation resistarxce. 

38. What is diebctric strength? 

39. How is dielectric strength measured? 

40. What is the effect of current flowing through a re- 

sistance? 

41. What w the characteristic of leaky insulation? 
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42 . Does a high voltage test measure the condition oj 

insulation? 

43 . What sometimes results from surface leakage? 

44 . What insulation resistance regulations are giveri in 

the Code? 

45 . Give the principle of operation of "Megger” testing 

set. 

46 . Describe other instruments used in insulation testing. 
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CHAPTER 40 

Storage Batteries 

btrodaetioD— The practical development of the stora^ 
battery is comparatively recent, althou^ a knowledge of the 
phenrnnena upon which its actions are based, dates back to 
1801. In 1800, the year made memorable by Volta’s disa}very 
of the galvanic battery, Nicholson and Carlisle found that a 
current from Volta’s cell could decompose water. 


NOTE.^/ri 1801, Oauthmroi discovered that if two plates of platmum or silver* iBfr* 
meraed in a suitable electrolyte, be connected to the termirala of an active primary cell and 
ounent be allowed to flow, a small current could be obtained on an outside circuit connecting 
these two electrodes as soon as the primary battery had been disconnected. 

NOTE-HS^irum found that the positive pole of such a cell, was the pole wMdi had 
been connected to the oositive pole of the battery. 

NOTE . — in i803, Ritter observed, with gold wire, the same phenomenon as Gautheiot, 
and constructed the first secondary battery, by superposing plates of gold, separated by doth 
discs, moistened with amnu/nia. 

NOTE.— Ko/fa, Davy, Marlanini, and others added somewhat to the knowledge on the 
Mibiect, and in 1837, Schoenbein found that peroaide of lead could be used in secondary but- 
teries. 


NOTE . — Sir William Grove next came forward with the discovery that metal plates* 
with a layer of oxide on them, acted better than the plain metallic plates, and Wheatstone gnd 
Sisniens found still later that peroxide of lead wa^ the best for such purposes, 

NOTE.— /n J84i, Grova constniaed a battery, in which the force came from the oxy* 
gen and hydrogen evolved in the electrolysis of water acidulated with aUlphurfc acid. % 
means of fifty such cells, he obtained an arc light. 

NOTE.— MIehotl Faraday, when electrolyeiiig a solution of lead acetate, found tliat 
peioKide was produced at the positive, and metallic lead at the negative pde, and in hk 
perknental Researches,'* he comments on the high conductivity of lead pttoxide, and its power 
of teadily giving up its oxygen. Although he made no apparent use oi this dfoDoverr* it SMf 
ernsideied se the next iinportant sup in the devefopnient of theatoftfe batteiy. 



1,120 


Storage Batteries 


As to ibn theory at this time, it may be stated that Clerk MazweO, 
although the leading electrician of his time, speaks of the storage bat- 
tery as storing up a quantity of energy in a manner somewhat analogous 
to the ordinary condenser; hence the use of the word ^'accumulator** 
for storage battery. 


Qiies. To what use is the storage battery sometimes put 
In electric lighting or power stations? 

Ans. To carry the *‘peak” of the load, and the entire load 



Ro. 1,589. — ^Sectional view of Gould cell showing various parts. 


NOTE . — According to Nihlettf Wheatatonc, de la Rua and Ntaudet were well aware 
that peroxide of lead was a powerful depolarizer, but nobody appears to have made use of this 
tact until 1860, when M. Gaston Plante constructed his well known cell with coiled plates, 
Plante's researches extended up to 1879, and practically determined the state of the art. 

NOT£.<-~/n tha manufacture of storage battery plates, nearly every conceivable drape 
haa been tried, and it has been found that an approximately square plate gives the best re- 
sults. The plate should not be made too deep, else it will be subjected to different degrees of 
chemical action. The plate should be so constructed as to be able to expand with the active 
material, without destroying the contact between the two. The electrolyte should have finsa 
aacesB to all nans of the active material. 
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at minimum hours. To act as equalizer or reservmr. Also 
for equipment of annex or substations. 


Theory of the Storage Battery. — ^The actiem of the storage 
battery is practically the same as that of the primary battery 
and it is subject to the same general laws. The cells of a storage 
battery are coimected in the same way as primary ceils, and 
when charged is capable of generating a current of electridty 
in a manner similar to that of a primary battery. 
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Fici, lt590.->-Sectional view of Exide cell in rubber jar ahowing various parts. The positive 
plates when burned to the strap as shown, are called the positive group. The negative 
when burned to the strap as shown, are called the negative group. &>th groum and separa 
tors assembled as shown, are called the element. 


NOTE . — tn 1979, Jl. L* Metzer did away with the tedious (arming process, by mechanic* 
ally applying the active material. This important discovery was not, hoA-ever, generally known,, 
until 1681 , when Camille Pauie obtained important patents concerning the met»tod of shortening 
the time of formation. 

NOTE.— CAorlee F. Btunh, working independently of either Fame or Metaer. .arrived 
at the same lewlt, and the United States couru have decided after long litiBmtion. tha* to him 
belongs the priority of invention in this country. 
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It diSers, however, frcm the primary battery in that it k capable of 
bdng rarbarged after exhaustion by passing an electtic current through 
it in a direction opposite to that of the current on discharge. Thk difior* 
ence constitutes the principal advantage of the storage battery over the 
pdtory' battery. 

Qnes. Describe a storage cell. 

Ans. It consists of plates or of grids in an electrolyte of 
such a character that the electrical energy supplied to it is 



Fto. 1,991.— Westingliciine 12 <x>iiipartnient glass cane radio storage B battery. 24 voita; 
capaaty 3,500 milliampere bours (3.5 ampere hours) when discharged at a rate of 40 
amperes. The clear glass case gives the user a view of the i:':tion of the battery on charge 
■ad discharge, and permits a ready inspection of plates and separators as well as the level of 
the acid solution. A layer of sealing compound over the rubber covers and around the posts 
keeps this battery free from acid leakage. 


OHiverted into chemical energy (a process called charging). 
The chemical energy can be reconverted into electrical energy 
(a process called dischargii^). 

Qnes. Describe the electrolyte generally used. 

Ans. It consists of a weak solution of sulphuric acid which 
permits ready conduction of the current fnnn the chargii^ 
souice; the greater the proportion of acid within certain 
limits, the smaller the resistance offered. 

Qnes. What Is the effect of the current passing ffireaffh 
ffio i^eetiidyte? 

Am. It dectnnposes the water into oxygm and hydrogen; 
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this is indicated by the fonnati(m of bubbles upon the eqxised 
sur&oes of both plates, these bubbles beii^ fonned by oxygen 
gas on the plate connected to the positive pole of the primary 
battery, and hydrogen on the i^te connect to the native 
pole. 

Because^ however, the oxygen is unable to attack either platinum or 
silver under such conditions, the capacity of such a device to act as an 
electrical accumulator is prac^cally limited to the point at which both 
plates are covered with bubbles. After this point the gases will begin to 
escape into the atmosphere. 


Ques. What is the prime eendition for c^mtioii of a 
storage battery? 

Ans. The resistance of the electrolyte should be as low as 
possible in order that the current may pass freely and with full 
effect between the electrodes. 

If the resistance of the electrolyte be too small, the intensity of the 
current will cause the water to boil rather than to occasion the electrolytic 
effects noted above. 


Ques. What happens when the charging current is dis- 
continued, and the two electrodes joined by an outside wire? 

Ans. A small current will flow through the outside circuit, 
being due to the recomposition of the acid and water solution. 
The process is in a very definite sense a reversal of that by 
which the current is generated in a primary ceU. 

Hydrogen collected upon the negative plate, which was the cathode, so 
as the primary battery was in circuit, is pven off to the llqiud imme- 
diately surrounding it, uniting with its particles of oxygen and causing 
the hydrogen, in combination with them, to unite with the particles of 
oxygen next adjacent. The process is continued until the oi^ixisite positive 
plate is reached, when the oxygen collected there is finally cotnhasSed with 
the surolus hydrogen, going to it from the surroundiiig solution. 
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This chemical process causes the current to emerge from the p^tive 
plate, which was the anode, so long as the primary battery was in circuit. 
The current thus produced will continue until the recompontion of the 
gyy is complete; then ceasing because these gases, as before stated, do 
not combine with the metal of the electrodes. 

Types ef Storage Battery.— There are three general classes of 
storage cell classified according to the t 3 rpe of plates. 

1. Plante cells: 



Fi«. l,5&2.~-Unfornied Plante type plate, showinx appearance of plate before forming. The 
clear outline of the grooves indicates absence of oxide, due to action of “fonning” solutkaia, 
or charging current . 

2. Faure cells; 

3. Manchester cells. 

According to construction secondary cells may be classified 
as follows: 
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1. Lead sulphuric add cells; 

2. Lead copper cells; 

3. Lead zinc cells; 

4. Alkaline zincate cells. 


The lead sulphuric add type includes all those cells belonging to the 
Plante and Faure groups. 


Lead coppei cells consist of sheets of metal coated with lead osdde, 
serving as the positive electrode, and copper plates for the negative 



Fxo. 1,593. — Faure or pasted type plate grid without active material. 


Pio. 1,594. — Appearance of Faure or pasted type grid after active material is pasted. 


NOTE. — The Faur.r or paated tgpe ptate is generally known as a '‘grid type" and is 
used exclusively in batteries for vehicles. 

NOTE,^Ffulad plate* of one polarity may be used with Plante plates of opposite polar- 
ity. Plates of different design and age. however, should not be used together in any positive 
or negative group 6f a cell, on account of local action which will take place between tne plates. 
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electrodeft. These plates are immersed in a solution of copper su!]^te« 
Cells bdbnging to this class are not employed in commer^ practke » 
beu^ useful only for laboratory experiments. 

Lead sine cells are similar to flie preceding type, but differ by having 
zinc for the negative electrode, and zinc sulphate for the electrolyte. The 
voltage of these cells is slightly higher than that of the ordinary ceil, a^ 
Uieir capacity per unit of total weight is high, but they are apt to Idee 
their chvge on open circuit, besides they possess most of ^e disadvantages 
of the Plante ceUs. 



PiQS. 1,595 to 1,6021— Parts of Elide cdU for railway lervioe with positive group of Manchester 
type plates. 


Alkaline zincate cells have copper for the positive, and iron for the 
negative electrode. The electrolyte is composed of sodium, or potaa- 
simn, zincate. Cells of this type are used to some extent for traction 
purposes. 

In addition to the above, there are some special fcams of cdl whkh 
do not bdang to the four preceding types. 


Ones. Describe the Plante type. 
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fto. 1,,603.— Exkle Manchester type positive plate. In eonatruetion the grid is a cast lead 
antimony alloy. This alloy unlike pure lead resists the “forming" action during charge and 
diacliarge. The grid is provided with circular openings, slightly tapering toward the Mter, 
into which are forced by hydraulic pressure, the roacttcs or buttons of soft lead which eon* 
itit utt the acti\^ portion of the plate. These buttons are formed of strips of pure lead, w 
legated transversely and rolled into a spiral. After being forced into place in tl^ gnd tt^ 
are subjected to thc“forming” process, v'hereby the active material or lead-peroxide isdevelopert 
dectro-chemically on the transverse surfaces. The expansive action of this forming procee*. 

with the **hour glass" shape of the openings, securely locks the buttons m place. 

1^0. 1.604.--Exide box negative plate. In eonatruetion, the grid which is of lead antinmy 
alloy is formed of horisontal and vertical ribs, spaced about 1 in. apart, forming pockeu 
on both sides with perforated sheet lead, in which pockeU the active matentf w 
manently held in place. Thus, the grid and the active material arc not necessarily of the 
composition, as is the case vith other types of negative plate, but each is of the com* 
best for the functions to be performed. 




Fioa, 1,60S and 1.606,— Manchester but- 
tons or rosettes of soft lead whk;h con- 
stitute the active material of Manchester 
plates. 


Pio. 1,607.— Section of Manchester positive 
plate showing placement of soft lead 
buttons. 
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Axis. In the Plante type the lead is chemically attacked and 
finally adverted into lead peroxide, probably after it has gtme 
throt^ several intermediate changes. The plates are all 
framed as positive plates fii^t and then all that are intended for 
negative plates are reversed, the peroxide being changed into 
sponge lead. 

Ques. What is done to make the Plante plate more ef> 
fldent? 



Pto. 1,608.— Extde box negative group. 

Fro. 1,609.— Exide Manchester positive group. 


Ans. The surfaces are finely subdivided , the following meth' 
ods being those commonly used: scoring, grooving, casting, 
laminating, pressing, and by the use of lead wool. 

Qnes. Describe the Faure or pasted type. 

Ans. This form of plate is constructed by attaching the 
active material by some mechanical means to a grid proper. 
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The active material first used for this purpose was ted lead» whkb was 
reduced in a short time to lead peroxide whui connected as tbt positive 
or anode, or to sponsly metallic lead when connected as the cathode or 
negative, thus forming plates of the same chemical compound as in tito 
Plante type. 

The materials used at the present time by the manufacturers for making 
this paste are largely a secret with them, but in general they consist of 
pulverised lead or lead oxide mixed with some liquid to make a paste. 

Qaes^ How do Faiire plates compare with those of the 
Plante type? 

Ans. They are usually lighter and have a higher capacityt 
but have a tendency to ^ed the material from the grid, thus 
making the battery useless. 



ho. t.610.--Sectioiial vitw of Exkte bottery showing comtniction. 
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Muiy ways have been tried for mechanically holding the 4 kctive aiai>‘ 
terial on the grid, the general method invdving a spe^ design in dte 
shape of the grid. Some of these designs are: 1, solid perforated she^ 
of lattice work; 2, ocmifpited and solid recess {dates not perforated; ^ 
ribbed plates with projecting irortions; 4, grid cast around active mata^ 
5, lead envebpes, and 6, triangular troughs as horizontal riba. 

Hie Qectrolyte.— Sulphuric add is generally used as eledxo* 
lyte; the add should be made from sulphur and not frmn 
pyrites, as the latter is liable to contain injurious substances. 



Pids. 1,611 to 1,623.-- TypicBl connecting Itraps and connectora. 


Qnes. How is the electrolyte prepared? 

Ans. One part of chemically pure concentrated sulphuric 
add is mixed with several parts of water. The proporticm of 
water differs with several types of cell fwan three to dd^t parts, 
as specified in the directirms accompanying the cells. 

Qnes. Wkst test is necessary In prqMuring the dectndyte? 

Ans. In mixii^ the water and add, the hydrometer should 
be used to test the specific gravity of both the add «oA the 
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sdution. The most stutabfe 
acid diould show a specific 
gravity of about 1.760 or 66** 
Baum4. 

Ones. In preparing die dec* 
trdyte, how dionld the water 
and acid be mixed? 

Ans. The mixture ^ould be 
be made by pouring the ackl 
dowly into the water, tieter the 
reverse. As cannot be too 
strongly stated, in mixing, the 
liquid ^ould stirred with 


NOTE. — SpaeiBe gravity » the weight Hi 
« given eubstence relative to an equal bulk oi 
tome other substance which is taken asa stand- 
ard of oomparison. Water is the standard lor 
liquids. In the laboratory the sfieciffe grafify 
MU is often used in determix^ the spsdfio 
gravity of a liquid. The capacity of the botUa 
is 1,000 grains of pure water. When it is OSed 
with spirits of wine and weighed in a balance 
(together with a counterpoise for the weight of 
the bottle, which of coarse is constant), it win 
wdi^ considerably lesa than 1,000 graine; in 
fact, the bottle will contain only about 917 
grains of proof spirit; therefore, taking the 
specific gravity of water as unity, 1 or 1.000« 
the specific gravity of spiriti of wine is 0.917^ 
If, on the other hand, the bottle be filled with 
salfdiuric add, it will weigh about 1,950 grdni; 
he^, the spMific gravity of lulphurie acid ia 
said to be 1.^. A moiwoonocnferhl mathoA 
ia by the use of the hydrometer syringe. 


Fio. 1404*--Theh(ydinineter qrring6;aoonvcnta device lor testing stonge batteryceUs. By 
aliglidy oomprcsamg the bulb and inaerting the slender tube through the vent hole in the 
cover of the cell suIBcient ecid may be drawn up to float the hydrometer within the laiga 
glass tube* and the reading can be made at once. The add ie returned to the cell by agiis 
c oas p ros ei ng the bulb, and the reading of the neat cdl taken. The libortous and tasdeialy 
of drawing out suffident seid bv a syringe is thua avolflsd. 
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a dean wooden stick, the add bdng added to the water 
slowly; the add is cotrosive and will painfully bom the 
flesh. 

Distilled or rain mter should be used in preparing the etectxdyte. 
When made, the solution should be allowed to cool for several hours or 
until its temperature is approximately that of the atmosphere (GO beipg 
the avemge). At this point it should have a specific gravity of about 
1.200 or 25*^ BaumG. If the hydrometer show a higher reading, water 
may be added until the correct reading is obtained; if a lower reading, 
dilute add may be added with similar intent. 


SPECIFIC GRAVITY TABLE 


Sulphuric acid 
(Per cent.). 

Water 
(Per cent). 

Specific gravity 
of Mixture. 

50 

50 

1.398 

47 

53 

1.370 

44 

50 

1.342 

41 

59 

1.315 

38 

62 

1.289 

35 

65 

1.264 

32 

68 

1.239 

29 

71 

1.215 

26 

74 

1.190 

23 

77 

1.167 

20 

80 

1.144 

17 

83 

1.121 

14 

86 

1.098 

10 

90 

1.068 


The electrolyte should never be mixed in jars containing the battery 
plates, but preferably in stone vessels, si^dally prepar^ for the purpose. 
Furthermore, it should never be plac^ in the cell until perfectly cool. 


Ones. What h the effect of mixing the acid and the wat^? 

Ans* The mixtiire becomes hot. 


Before using, the mixture should be allowed to cool. 












Storage Batteries 


1,133 


Qnes. What kind of a Tosael should be used? 

Ans. The vessel should be of glass, glazed earthenware, or 
lead. 

Ques. At what density is the resistance of dilute sulphuric 
add at a minimum? 

Ans. At 1.260. 



i^Q. 1,625. — ^Vicw of hydrometer and electrolyte showing state of charge of cell as indicated by 
the dcnsily cl the solution. 

The percentage of concentrated sulphuric acid and of water per 100 
parts of the electrolyte for various specific gravities is given on the page 
following. 

The electrolyte of the desired specific gravity may be purchased ready 
for use, but in cases where it is desirable to save freight, the acid may be 
diluted at the point of installaUon. 


Ques. What is the effect of a deep containiug vessel? 
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Ans. I^uts of the plate surface may do more than their 
diare of the work due to the difference in the density of the 
electrolyte at the top and bottom. The contaiidns vessel 
diould, therefore, never be deeper than about 20 inches nnli^ 
some artificial means of acid circulation be used. 


Ques. What is the effect of changes in temperature on 
flie electrolyte? 



rwt. 1.626.— Fneziiiepofaittofalectraljrte. Thefnnlngpolntota Iwttery depend* upon Iti 
•trength. For instance, a solution with a strength or sp^c gravity of 1.250 will not freeae 
until oooled to a tempeiature of 62* below aero Fahr. A strength of 1.150 will ftecae at S® 
above aero, hence there-is little danger of freezing except when the battery is completely 
discharged. Moreover, at these freezing points, the solution is slushy and does not 
hard until the temperature goes still lower. If tpater be added to a battery in freezing 
weather and then not stirred in with the solution by charging the battery, it will rem^ 
on top of the solution and may freeze* 

Ans. The resistance of the electrolyte is changed, being less 
for increase of temperature. 

Ones. How should the cells be filled? 

Ans. Enoi^ of tlie electrolyte should be poured into the 
jars to comifietdy cover the plates, or to within about a half 
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inch of the top edge the jar. Large cells should be fitted by 
means of an add proof pump and rubber hose. 

Ques. What change takes place after filling the jars? 

Ans. The spedfic gravity of the electrolyte will fall omsid- 
erably, but -will rise again when the battery is charged. 


Ques. What may be said with respect to the density of 
the electrolyte? 


VENTS WITH 6ASKETS 



BAR 


Pio. 1»627.— Top ot Gould cell showing construction. 


Ans. It should never exceed 1.300 (usually ftcan 1.280 to 
1.295) when the battery is fully charged. 

Ques. How much electrolyte is used pmr 100 ampere hours 
battery capadty, on an 8 hour rating? 

Ans. About ten pounds; in automobile batteries, about four 
pounds is sufficient. 
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Ones. What should he done with old dectrdyte? 

Ans. When a battery is taken down the electrolyte may be 
saved and tised when re-assembling the battery, providing great 
care be exercised when pouring it out of the jar, so as not to 
draw off with it any of the sediment. 

It should be stored in convenient receptacles, preferably carboys, wfaidt 
have been thoroughly washed and never used for any other purpose. 



Fio. 1,628. — Willard A.R.A. signal, lead Plante plate cell u\ giasu jar. 
Fig. 1,629. — Willard signal, Faurc {date cell in sealed glass jar. 


The electrolyte saved in this manner will not, however, be sufficient 
to refill the battery, and as some new electrolyte will be required, in gen-» 
eral it is recommended that the old supply be thrown away and all new 
electrolyte (1,200 specific gravity) be used when re-assembling. 


Vtdtage of a Secondly Cell. — ^This depends on the dendty 
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of the etectrolyte, Uie character of the electrodes and condi- 
tkm of the cell; it is independent of the size of the cell. 

The voltage of a lead sulphuric acid cell when being charged 
is from 2 to 2.5 volts. While the cell is being discharged, it (fe- 
creases from 2 to 1 .7 volts. The voltage due to the density oi 
the electrolyte may be calculated from the following formula: 

V=1.85+.917 (S-s) 

in which 
V - voltage; 

S- specific gravity of the electrolyte; 

8 -specific gravity of water at the temperature of observation. 


TEST QUESTIONS 

1 . Give the theory of the storage battery. 

2. Describe the storage cell. 

3. Describe the electrolyte generally used. 

4. What is the effect of the current passing through the 

electrolyte? 

5. What is the prime condition for operation of a stor- 

age battery? 

6. What happens when the charging current is discon- 

tinued, and the two electrodes joined by an outside 
wire? 

7. What are the three general classes of storage cells? 

8. Describe the Plante type. 

9. What is done to mane the Plante plate more efficient? 

10. Describe the Faure or pasted type. 
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1 1 . How do Fours plates compare with those of the PlanU 

type? 

12 . What test is necessary in preparing the electrolyte? 

13 . In preparing the electrolyte, how should the water 

and acid be mixed? 

14 . What is the effect of mixing the acid and the water? 

15 . What kind of a vessel should be used? 

16 . What is the effect of changes in temperature on the 

electrolyte? 

17 . How should the cells be filled? 

18 . What may be said with respect to the density of the 

.electrolyte? 

19 . What should be done with old electrolyte? 

20. Upon what does the voltage of a storage cell depend? 
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CHAPTER 41 

Storage Battery Systems 

Storage batteries are used for many purposes, sudi as to 
suiqjly current for electric vehicles, gas engine ignition, lighting, 
and in connection with power stations and distributicm wwk. 



Pka. 1^630.— Load curve showing use of storage battery as an aid to the generating iDachinef 7 « 
In the diagram, it is seen that the battery discharge at minimum and maaimum loads aii4 
is chatged at other times, the battery furnishing current for the entire mini m um load and 
tMTt of the maaimum load. 

The latter is an important field, the storage battery being 
used in connection with the power station for the fc^wing 
purposes; 

1. To carry the peak load, during hours of mejdmum demand; 

2. To carry the entire load during hours of minimum demand, or for a 
diort time in case of emergency; 

3/ To act as an eaualiser: 
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4. For regulation of load and voltage; 

5. As compensation for feeder drop; 

6. As a preventive against shut downs. 

In almost every electric lighting plant there are long periods during the 
day and late at night when the number of lamps lighted is so small that it 
may not pay to run the generating machinery. In such cases, storage bat- 
teries may usually be used to advantage to aid in carrying ^e maximum 
load and to supply the entire current at minimum load as illustrated in hg. 
1 ,630. In other words, batteries are substituted for a certain portion of the 
machinery plant or are used in place of the latter. 

Ques. What provisioii must be made in power plants 
when storage batteries are not used? 



^le. 1,631. — Pairb«nk8<MorBe lighting outfit. The above cut illustrates a 2 horse power 
vertical special gasoline or kerosene oil engine belted to a .9 kw. compound wound 32 volt 
dynamo. It will supply a maximum of 42-20 watt, or 50-15 watt 32 volt Tungsten lamps 
and is built and balanced, so that current can be taken direct from the dynamo without 
flicker in the lights.' The storage battery has 16 ceUs and a capacity of AM amperes for 
hours at 32 volts. This will supply teven 20 watt Tungsten lamps for 7H houra, or nine 
15 watt lamps for 7M hours. The switchboard is arrang^ so as to give 24 hours service. 
It is custom^ to run the engine during most of the lighting period and to use the battery 
for lights late at night. If the whole number of lights be not used when the engine mid 
dynamo arc in operation, the surplus b used to charge the tei.'ery. 
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Ans. The capacity of the generating machinery must be 
sufficient for the heaviest overloads which may occur, and it 
must be operated continuously for 24 hours a day in the ma- 
jority of central stations supplying current for lighting and 
power. 

Ques. What results are obtained with this method of 
working? 



Flto. 1,632.— Diagram showing efTect of storage battery in regulating the dynamo load in a com* 
billed railway and lighting plant. In this case the average and line loads are about equal 
and the battery covers the instantaneous fluctuations. It will be noted that while the Uns 
load fluctuations vary between 780 and 1.420 amperes, those of the dynamo load are kept 
at an average between 1.030 and 1,160 amperes. 


Ans. The engines working under very variable loads, not 
only operate at low efficiency, but are continually subjected to 
severe mechanical strains. 

Qnei. How may greater efficiency be secured with steam 
engine under variable loads? 
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Arts. Judicious selection of the number and sizes of the 
engines enables them to be worked in most cases at a consider* 
able fraction of their full capacity nearly all the time. 



#ka. 1,633.— Storage battery connected in parallel with a dynamo. ThU arranptnunt enablea 
the d^iamo to be stopped for a conaiderable portion of the time, and thua saves labor and at- 
tention. It also acti to prevent fluctuations as in a dynamo driven by a gas engine whose 
apeed varies periodically because of the nature of its cycle of operation. The circuit includea 
a reverse current circuit breaker or discriminating cut out (not shown) to prevent battery 
discharging through dynamos when the latter is not running. 
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Pki. 1,634.— Diagram showing action of atorage battery as a reaervoir of reserve power* Tha 
figure ebowa an actual load curve from an Edieon station for 24 hours* A sudden storm 
caused ^ load to be thrown on very qiiiddy. the peak of the load beiog higher than uS'ud. 
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Qnes. What finiher in^vement ia secured in moat eases 
nrith the storage battery? 

Ans. The plant is made more flexible, and the economy cf 
the engines is increased by making their loads nearer uniform, 
and nearer to full capacity while they are running. 

Qoes. What is the effect of a battery connected in paraUd 
frith a dynamo, as in fig. 1,633? 

Ans. It is not necessary for the dynamo to have s capacity 



Tta. l, 636 /-»Wfiitiii|^oiiie farm light and power plant. 


exceeding that which is sufficient for the average daily load» . 
at which it may be worked practically all the time. 

When the load is below the average* the dyramo charges the battery, 
and when the load rises above the average* during the hours of maidmum 
demand* the battery discharges into the line in parallel with the dynamo. 
During the hours of minimum demand the engines may be shut down 
and the necessary current supplied from the battery alone, thus not only 
increasing the efficiency of the plant, but serving to maintain a steadier 
pressure under fhictuating 1^ 
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Ones. What is understood by the exp'ession “floath^ the 
battery on the line”? 

Ans. A storage battery is said to float on a line when con- 
nected across the circuit at some distance from the power sta- 
tion, so that a heavy load on the line, within the range of the 
battery influence, causes sufficient line drop to allow the battery 
to discharge, while with a light load on the line, the drop is 


A.C. Charging Line 


D.C. signal Circuit. 


P.C.Signal CircuBt 


Fto. 1 ,636. — Exule noatiug battery system for railway signaling, connected to a.c. charging line. 
Thia ayateni prw'idea an in iependent reservoir of electrical energy at each signal, alwaye 
charged and connected to the signal circuit to supply c/.c. to the latter during any interrup- 
tion of the normal supply, to insure no interruption of the signal service. 

small and the impressed voltage at the battery high enough 
to charge the battery. This usage is confined chiefly to electric 
railway service, where large voltage changes are permissible, 

Ques. When the batto'y is floated on the line, how may 
the amount of charge be made to a^roximatdy equal the 
amount d discharge? 
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Abb. By properly proportioning the number of cells in series. 

Connections nnd Circuit Control Apptratns. — ^When a stor- 
age battery is used on an electric lighting plant, provision must 
be made for feeding the lamps, etc., from either the dynamo 
or battery separately, or from the two working in parallel, and 



1,637.— Parallel charge, aeries discharge including dynamo and distribution circuita, 
1, ammeter; 2, volt meter; 3. ammeter switch; 4, volt meter switch; 5. series parallel switcbes; 
6, battery circuit breaker. 7. battery rheosUt; 8, overload and reverse current circuit break> 
er (dJecriminating cut out); 9, dynamo held rbeosUt; 10. battery switch; 11, dynamo 
switch; 12f switches to distribution circuits. 
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it shouhl be possible to charge the battery at the same time the 
lamp s am being supplied. To accomplish these results requires 
thrm switches, for the following connections: 

1. To connect the lamps to the dynamo; 

2. To connect the lamps to the battery; 

3. To connect the battery to the dynamo. 

In some plants, the first switch is omitted, because the lamps are always 
fed by the battery alone, the latter being charged during the day, when no 
lamps are in use. 



Fko. l.SSB.'— 'Diagram of connections arranged for charging battery in two pvallel grtMpa and 
diac^ging in series, the charge and d^harge being contrcdled by variable resistances- 
In yacht lighting the limited space generally prohibits the use of a charging booster, and 
in such instances this method of charge and discharge control is the usual practice. In case 
the dynamo from wl,ich the battery is charged has sufficient range in voltage tc Charge 
iH cells in series, a charging booster is not required, nor is it necessary to connect graop** 
of in parallel, as the dynamo vdltage may be varied as charge proceeds. 


It is desirable, however, to have all three switches in every plant in orda 
to be able to supply lamps and charge the battery at any time. 

In the battery circuit there should be an ammeter having a scale on both 
sideA of aero, to show whether the battery is being charged or discharged, 
as well as value of the current. Anc^er similar ammeter is reqiiired 
in the circuit between the dynamo and the batt^^ to show the dirktkm 
and amount of current. A third ammeter is desirable in the lamp drcuiti 
to diow toe total curroit supplied to toe lamps, but it need only indicate 
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on one Me ot too, once the current there always flows in the same dhec* 
tion. 

A volt meter is required with a three way switch to connect it to the 
dymftno, battery or lamps, and a circuit breaker must be inserted in the 
battery circuit in order that it may be opened when the current becomes 
excessive. 

A discriminating cut out or reverse current circuit breaker is required 
between the dynamo and the battery to open the circuit when the charging 
current falls bdow a certain value, and thus avoid any danger of the battery 
disdiarging through the dynamo, if from any cause the voltage of tiie latter 
dmp below that of the battery. This completes the ordinary ineasuiiiig and 
circuit controlling apparatus employed with stotage batteries. * 
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Fio. 1.639.^1>»gram showing three wire system with one dynamo and storage battery. A 
220 volt dynamo charges a storage batt^ of c o rresponding pressure, whidi in turn sub- 
divides the pressure and supplies a three wire system, the neutral wire of which is ooonectsd 
to the middle point of the battery as shown. 


Methods of Control for Storage Battles.— As the external 
vdtage of a stevage battery varies with the amount of charge 
it omtains and with the direction of the current, it is necessary 
to employ some means for compensating this variation in ord^ 
to maintain a constant voltage on the line 8uiq>lied by the bat* 
tery. The various devices used for this purpose are as fdllowB: 

1. Variable resistances; 

2. Ei^ cell switch^; 

3. Reverse pressure cells; 

4. Boosters. 
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The imticular method sdected will depend upon the ^ <A the battery, 
tile purpose for which it is used , the allowable limits of current and vottace 
vaiiationB, the cost of the system, etc. 

Variable Resistajice.— Regulation by variable resistance may 
be used advantageously (Hily with batteries of small capacity, 
and in small lighting plants such as those of yachts, wh^ the 
space available for battery auxiliaries is limit^, and where the 
cost of energy is so low that the loss of power in the resistance 
is not objectionable. 
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Fto. 1,640.— Variable resistanoe method of regulation for storage battery; diagram Bhowini 
amnectiona for charging two halves of a battery in parallel. 


The connections for one of the simplest methods is shown in fig. 1,640. 
The battery is divided into two halves, which are connected m s^es for 
discharging and in parallel for charging. 

Snce the voltage of each cell at the end of a discharge should not be 
lower than 1 .8 volts, a battery intended for use on a 110 volt lighting ctr* 
cuit will require 110+1.8=62 cells. The voltage necessary, however, for 
each cell at the end of a charge is about 2.6 volts, or a total of 2.6X62=161 
volts for the battery, a value which is far above the line voltage. 

By dividing the battery into two halves and connecting them in paialle*. 
only 80.S volts are necessary for charging. The excess voltage of the line. 
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29.5 volta is taken up by the lenstance, vhidi also controls the output of 
the battery on discharge. 


Cdl Switches. — ^These may be used to advantage in small 
installations where there is not demand for current during the 
day, or where the charging is done by means of boosters. 



CHARfilNfi SWITCN 


^ra. 1,641. — Diagram showing coiuivciioas for ignition outfit. The chai^ging switch has four 
indicatjoiM — “Off/' "Battery," "Dynamo" and "Charge." lH^cn engine is at rest 
switch is turned to "0(1." The first turn brings it to "Battery," enabling the engine to 
be started. Nest turn cuts battery o(T and puts "Dynamo" direct on engine, llie next 
turn brings the switch to "Charge." Dynamo then charges the battery and surplus current 
is stored up. Next turn is "Oflf,” which stops engine and disconnects battery from dynamo. 
Test the dynamo wires with test paper (negative makes mark). Put positive of dynamo to 
positive of battery. Dynamo should be regulated to charge at about four amperes. 

Qoes. What is an end cell switch? 

Ans. A form of switch employed in connection with a stor* 
age battery in order to control the end cells for regulating the 
voltage. 

Ones. Describe the construction of an end cell switch. 

Ans. Itiis is shown in fig. 1,642. 
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The switch contact arm is made in two parts, A and B, wfaidi are insu* 
kted from each other as shown, and connected with ea^ other thfoi:^ 
the protective resistance R. The end cell contacts are so spaced tlmt 
when the main current carrying part A, of the switch arm is squarely on one 
end ccH contact such as X, the part B, does not touch any othar contact 
such as Y, but when the switch arm is advanced for cutting into Gircutt 



l|642.'^l>iagraiD of end cell switch. Thia form of awiteh controla several cells at one end 
of a storage battery and is used for regelating the voltage. The requirement of an cad 
cell awiteh is that in switching from one end cell contact to another, the discharging circuit 
must not be opened, neither must the moving arm touch one contact before leaving the 
one adjacent, since the joiniijg of two contacts will short circuit the cells connected theieito. 
To aooompliA this, the spadngs of the two arms and contacts are such that when the maiii 
arm A is squmely on an end cell contact, the advance or auxiliary arm B touebee no other 
contact, but in passing from one point to the next, the advance arm reaches the contact 
toward which it is moving before the main arm leaves its contact. The resistanoe 3^ 
be t w » the two pointa prevents short circuiting, and the current to the msin dicuit is 
never broken. 


another end cdl, the part B, reaches the contact Y, before the part A, 
leaves the onitact X, thus keeinng the battery dreuit dosed, while the re. 
dstanoe R, limits the current in the short circuited cell at the instant the 
ewitiA atm passes from one end cell contact to the next. 

Ones. How Bhonld the condactore jmiiiiig the end edb to 
tihe end cell switch contacts be proportioned? 

Ana. They must have the same sectional area as the coo. 
ductors of the main dreuit. 
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Fto. 1»643.— High voltage charge. End cell regulation, 1, dynamo ammeter; 2» volt fneters 
3, battery ammeter; 4, volt meter switch; 5, dynamo switch; 6, dynamo circuit breaker 
over load and reverse; 7, dynamo held rheostat; 8, battery circuit breaker; 9, battery awitdt; 
10, disdiarge end cell switch; 11, charging end cdl switch; 12, switches to distributing dr- 
cuiti* The battery is charged in one series directly from the dynamo, which has a pressure 
range to 155 volts, and the charging current is controlled by the dynamo field rehostat. 
Two end cell switches are required so that the lighting circuits may be supplied while the 
battery Is charging, the power voltage for the lamps being obtained by adjusting the post* 
tkm o( the end cell switch connected to the lighting circuit. Hiis is an overload bieakm in 
die battery circuits and an overload breaker with reverse current trip in the djnuuno dp 
cttit* the latter protecting the dynamos against overload and revarsal of cunent., 
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The reason for this is that when any end cell is in the conductor 
connecting it to the switch becomes a part of the main circuit. An al- 
lowance of 1,000 amperes per sq. in., ydien the battery is discharging at 
the two-hour rate, is considered good practice. 

Ques. Describe some of the features of end cell switdl 
eoBstmctitm. 

Ans. Those of small capacity are made circular; the larger 



Pig, 1 , 644 . — Diagram of connections of a battery equipment for a residential lighting plant* 
In tlw diagram the volt met.r and volt nwtcr connections have been omitted. The biiu 
bars on the battery pan;l are conncctod directly to the bus bars on the dynamo pand 
In this installation the dynamos arc run during the afternoon on discharge, b-ing regulated 
by na ans of an end c> 11 switch. O.i charge the pressure above that cf the bus bars, required 
to biing all C',Ua up to full charge, is supplied by means of a motor driven chai^ng booster, 
the voltage at the armature being suitably varied by changing Uie field eacitation. 

azes are made horizontal in form, and both typeu may be 
either operated by hand or motor driven. 

Ones. Where are end cell switches of large capacity lo* 
«atad? 

Ads. Generally they are placed as near the batt^ room as 
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poGsible to avdd the cost of running the heavy oonductixs, 
and whoi such switches are motor driven, the usual practice 
is to control their operation from the main switchboa^. 

In fig. 1,645 is shown the method of regulation with an end switdi. 
The diagram shows the battery being charged with the main switch open* 
and the voltage of the dynamo rais^ to the charging pressure. Dtuing 
discharge the cells are connected in series, and as the voltage of eadi odl 
at the beginning of discharge is at least 2.1 volts, only 52 or 53 cdl^are 



Fiq. l,64S.--End cells witch coatrol lor storage battery^ connections showing main line open 
when the battery la being charged. 


required to give the desired pressure of 110 volts, but as the discharge 
continues, and the voltage of each cell decreases, the end cdis, 1,2, 3, 4. 
etc., are cut into circuit successively by means of the end cell switch, 
thereby adding to and compensating the drop in the total voltage until, 
at the end of discharge when the voltage of each cell has fallen to 1,8 
volts, the entire 62 cells are in series to supply the required line presBure. 

For a 110 volt circuit, the manber of cells ^uired is 110-^1.8->61, 
and the number in series when the battery begins to discharge is 1104- 
2.1 »52. Hence, in a 110 volt drcuit an anangement must be provided 
whereby 61 -52-9 cells may be cut out mr switched in. one by one. 
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The lunnber d end ceils for any voltage may be obtained by fhe 
lowing formula; 

E E 

Number of end celto ■ Yg 2ll 

£ 1 - voltage of supply drcuit; 

1.8 minimum vdtage of cell during disdiarge; 

2.1 ^voltage of fully charged cell. 


Reverse Pressure Cells.— These consist of mfomed had 



Fto. l«646.‘^0iasnmi showing method of charging a storage battery at one voltage and 
aoppiying lights at a different voltage. As may be seen, two end cell switches are re^oixodt 
The ^tage of the supply current is adjusted by the number of oel)fi in series on aaritch S', 
whSe switch S. is moved to cut out cells as they become fully charged. In this instance tha 
end celle mclu^ between the contact arms of the two end cell ewitchee muetbeof anflidbnt 
else to receive the chaigtng current, plot the current to the eupply circuit. If the battery cag 
be charged at times when the dynamo » supplying no other load, only one cad ceil awlteb 
iereiliiM. 

pkAes immm^ in ike ordinary tUctrolyU of dibUe adphmk 

add. 

As titey have no active material, they possess no capacity, 
iMlt are c^ble of setting iq> an opposing pressure d abmit 2 
each to the discharging current flor^ throudi them, 
cutting down the total ventage of the battfsry, so tMjt 
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tlw net voltage aaoss the Hne depends on the number of re* 
veise current celte in series in the battei7 circuit. Asthevoltage 
Of the battery falls during discharge, the reverse jaessure cdls 
are cut out, successively, thus keqm^ the external ot line 
vdtage constant. 

It is obvious, that as these cells do not possess any capacity^ the num- 
ber of active cdls required in the battery will be the same as yrbm end 
cdl control is emidoyed. Therefore, the reverse pressure cells represent 
an increase in equipment, which entails an additicnal expense of at least 
8 per cent. For this reason, and also on account of the fiict that the 



1.647.— Regulatioowithrevene piessare oelli. TAm# Mlii m merdy lead platet placed 
in an decttolyte of dilute sulphuric add. They have no capadty but set up an oppoai:|g 
or reverie vdtage of approximately 2 vdts per cell if current be peaaed through them. 
In tiling these cells for controlling discharge, the total number ot active cells in the battery 
be the same as if the method of end cell control had been used. Reverse preesamceOs 
represent an increase in equipment of about 8 per cent, or more. These cells, as ah ovm. 
are connected in the circuit in opposition to Uie main battery, and cooductors are run from 
each of them to points on a switch similar to an end cel) switch. At the beghming Of dia* 
Charge, all the reverse cells are :r circuit, acting in opposition to the main brtt^. M 
diadhnrge proceeds and the battery voltage falls, the reverse cells arc gradually cut out of 
ciituit. I^e only advantage in this metM of regulation is that the discharge tlwou^ioiit 
the battery is uniform, but this fact alone does not warrant such means of xegulatioti qu 
account of the addition expense involved, and the energy loss when ducharging against 
reverse cells is the same as if resistance bad been placed in the dxcuit. 


anouat of energy lost in discharging against reverse pressure cdls, is the 
same as when the resistance methods of oontroUing the dischazge are em. 
the use of cdls for this purpose is now practicall> obsohde. 

fioostorg.— In general, a booster may be defined as « iyfMm 
merfed m seiys in a to change It my be 
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driven bjr an electric motor, in which case it is scanethnea called 
a meUn-boositr. The function of a booster is to atkl to an 
electric pressure derived from another source. 

For instance, if a storage battery be used in conjunction with one or 
more dynamos to supply current to an electric light installation, the 
battery cannot be char^ from the machines which are feeding the lamps, 
because it requires a pressure higher than that required for the lamps to 



1,648.— Diagram of Joaeph Hiur*s storage battery system (General Storage Battery Co.), 
The booster field winding has one terminal connected to the middle point of the battery 
and the oth^^r terminal, to the wire joining the resistances A and B. A lever, pivoted at L» 
carries at either end a number of contact points which dip into troughs of mercury when one 
end of the lever moves upward or downward. These points are connected to correspond- 
ing points on their respective resistances, and therefore all of the resistances connected 
to contact points which are immersed in the mercury are short circuited. The points are 
of various lengths, so that when the lever operates, they conUct progressively with the 
mercury. If more of tl^e A, points than the B, points be immersed in the mercury, the 
resiatance of B, is less than that of A. more sections of it being short rircuited. Cunent 
will therefore flow from the middle point of the battery, through the booster flek). and 
through B, to the negative side of the system, exciting the booster field and producing a 
booster vdtage to charge the battery. Again, if more of the A, points be immersed, the 
A, resistance becomes the smaller, and current then flows from the positive side 3f the 
system through resistance A, through the booster field to the middle point of the battery, 
Uie field excitation and the booster pressure produced being in a direction opposite to the 
first described, and tending to discharge the battery. When the resistances A and B, are 
sqpial. there is no pressure to send current in either direction through the booster field coil- 
When the load on the external circuit is normal, the lever is in a horisontal position. A and B. 
hdqg equal, no current flows through the booster field hence, no current passes into or out 
sif the tett^. With increase of external load, the puU of the solenoid is strengthened by 
a sm^ inefesse in dynamo current passing through the winding. This draws down the left 
find of the lever producing a current in the booster field such ai to discharge the battery and 
mrtiit t^ dynamo to sup^y the load demand. A dsx'case in external load is attended by a 
afight d^i^utaon in dynamo current, the solenoid is weakened and tiie pulP of the epniig 
pndofRiinatee* This results in a downward movement of the right side of tlvt lever emiabig 
eaeitaikal of the booster field to produce a pressure to send charge into the batteqF- 
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complete the charge. A small dynamo is therefore coimected in sen^ 
with the main machines and the battery, acting in conjimction with ^ 
former to provide the necessary pressure. 

The power for running such a dynamo is obtained in various 
ways. 


The dynamo or charging booster may be belt driven or arranged on an 
extension of the armature shaft of the main dynamo; again, it may consist 
of a single armature with a double winding (fig. 1,649), or a motor and 



Pio. 1 ,649. — Typical fona of dynamotor. A dynamotor is a combination of dynamo «xid 
motor on the s?nie abaft, one receiving current, usually of different voltage, the motot 
being employed to dt ive the dynamo with a piessure either higher or lower than that received 
at the motor terminals. A machine of the dynamotor form, with its windings exactly alike, 
is often used in three wire systems to balance or equalize the two halves of the circuit. 


dynamo coupled together on one bed plate. Boosters may be divided into 
several classes as follows; 

1. Series boosters; 4. Differential boosters; 

2. Shunt boosters; 5. Constant current boosters; 

3. Compound boosters; 6. Separately excited boosters. 

Setieu Boosters.— The series booster acts so as to compound 
the battery, and tends to maintain a constant voltage oa the 
One, whatever the load may be. 


Starve Battery Sj^etas 


Its oiimtion depends on the fact that the dynamo voltaga must tise 
and Mwith the load. It can, themfore, be used only with a shunt dynam 
or its equivalent as the source of si^idy. 



PiG, l,S50^fiBta^ carboo pa« booster iyatem CElectik Storage Battery Co.). The booster 
field winding is connected at one end to the middle point of the battery. The other end 
it connected to the upper contact points of two carbon pile resistances, A and B. The 
lower end of A, is connected to the negative aide of the battery, and the correepooding end 
of B, to the positive side. This arrangement constitutes in effect a potentiometer. If the 
resistance of A. be equal to that of B. there is no pressure in the booster field to establidi 
current through it. The drop through A + B is equal to the total battery voltage, and 
A >» B, the drop from either side of the battery through A or B, is one-half the total 
^p, hence the end of the booster field winding, connected to the upper ends of A and B, 
Is also at the pressure .>f the middle point ctf the battery which is lUcewiie the pressure of 
the other aide of the booeter field coil. Accordingly when A - B, there can be no current 
through the coil. When the two resistances are unequal, there will be current through the 
booster fi^, its direction depending on which of the resistances is the less, and its magnitude 
will be prqportiooal to the difference between the two resistances Variations in the presnire 
on a carbon pile causes variationB in its resistance and the solenoid. M. opposed by spring S, 
both pult^ on lever L, which rests on the two piles A and B. controls the relative resfH* 
encea of the two pDes to cause charge and discharge of the battery. The solenokl wMiag it 
in series with the dynamo circuit and when the load is nonnal the spring puli is lust equal to 
magnet jniH, and the reebtanoes of A and B, are equal. When external ksdvariee, a small 
bi^ propcatioiial variaticm in the pull of P, charges the relative leeiitanceB of the pte and the 
baoster Add it cneiglaed to proNto a vKdtage to cause battery charge or dbchaiie. 


Utes. What oae is made of the aeries hooeter aystmn? 

Ans. It is suited to power, but not to uMatkle»(«it luting: 
{Kopoees, beiiig sanilar in cqieration to a flowing battary. It 
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a not extensivdy used as the otho: types give better service, 
imder the same conditions. 

Qttes. Describe some characteristics of the series booster. 

Ans. It is automatic and adjusts its voltage to produce the 
proper ratio of charge or discharge with varying external load, 
and it also tends to maintain a ccmstant voltage across the line, 
under all conditions of change in circuit. 



Shnnt Boosts s.— This type of machine is simply a shunt 
dynamo, having its armature circuit in series with the line frmn 
main dynamo to the battery. 

A rheostat controls the fidd excitation. Its functkm is to send diaiin 
into the battwy. It is used in plants where the battery is not deshPMd 
to take up load fluctuations, but is in senrtoe oidy to carry the peak of 
the load, being charge during periods of light loads and disdbatged in 
paraflel with the dynamo. 

The dram booster ade to tMCTSoM Ike niAa|t alpfW to tilt MMy w dial 

ekargiiu ett^rtiU iviO into Ikt hOtir. 
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Ones, How is the battery used with a shimt booster pro* 
pnlioBed? 

Ans. Usually sufficient battery is provided to carry the en- 
tire load during the light load period. 

Qaes. Explain the use of the rheostat eontrolling the field 
excitation. 



Fko. l,652.'^Diagram showing usual connections of a non-reversible shunt booster and battery 
syst^. In charging, the switches A and B. are dojed, and C, put on contact m; the end 
cell switch D, is put on the last oonuct. I^rt of the dynamo current will go into the Unr 
and part through the booster into the battery. The charging current is adjusted by tbs 
field rheostat E. To discharge, throw the end cell switch D, to first contact; next turn 
switch C, to contact s. The battery is then in parallel with the dynamo with all end odii 
cut out. Aa the voltage of the battery falls, end cells are cut in 1^ the end cell switch D. 


Ans. It is used to vary the booster voltage so as to hasten 
the diarging of the battery if desired. 

Ones. F<w what aervice ia the ahnnt booster not snited? 

% 

Am. It is not adapted to circuits where there are sudden 
fliKtuations that are great compared with the capacity of the 
dvnamo. 


S’potage Bstt^ry Syst^as 


Qum. What is its actioii in changing from diarge to Am 
charge? 

Ans. It is not automatic, the switdiing must be dtme by 
hand. 



Ones. How may it be 
used rererriMy? 

Ans. It will give a 
pressure to assist the bat- 
tery to discharge when 
excited from the bus bars 
and provided with a re- 
versing rheostat. 

In tins case it vnU aaast 
the battery to discharee 
when the direction of the 
field magnetization is 
changed. When so used, no 
end cells are necessary, but 
the booster mu.<it be run ooo' 
tinuously during the entire 
period of discharge. 


Ques. What should be 
the battery capacity on 
a 110 volt drcidt with a 
rermsible booster? 

Ans. 56 cells will be 
sufficient. 


14G3« — Shunt bootter charge, and cell diacharge. I, wolt meter; 2, ammeter; S* under 
londciiciitt breaker, 4, booster motor circuit breaker, 5, battery drcoit breaker, 6. volt meter 
•witch; 7, booster switch; 8, boaster motor switch; 9, booster fteld switch; 10, battery swHdi; 
11, end cell switch; 12, booster fieid rheostat; 13, motor startsr 14, motor; IS, dynnmo- 
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The inoltage to fully char^ is 56x24>»146, or 36 veto abov«^4y^«^ 
voltaf^, h&iimum voltage of ^scharge-«] .8x56-100 voltSi or 10 volU 
less th^ that of the line. Hence» the booster need give only 36 vbitt 
maxinto^ is required to add 10 volts 1jo the battery voltage toward 
the end of battery discharge. In this case the booster voltage is only ^ 
or abemt H of that required in the preceding case* five cells less of battery 
are necessary and the end ceil switches and leads are dhninated. 

The machine will be larger, however, than it would be if used only fei 
charging, because the diediarge is unusually greater than that of charge, 
ahd the current carrying of the armature must be great enough to t^ 
care of the heaviest currents. 




Fta. 1,SS4. — Diagram of compound booeter conxiections. 



Compoimd Boosters.— These machines are used on j^unay 
and power circuits where there are great fluctuations in kKid, 
the battery acting to prevent excessive drop and to as^ tltt 
generating machinery in carrying the load, raving it flxen the 
strain of sudden ru^es of curr»it. 

The connections are shown in the diagram fig. 1,654. Under oadhtaiy 
Wdridiv conditions, the shunt field of the booster creates an dlectiiciir^ 
ore in the same direction as that of the battery, taa^g to dUKhaige it. 
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WlM no current is flowing into out of the battery, the foQowieg 
relation eadsts: 

dynamo voltage •> booster voltage+battery voltage. 

In this case the dynamo carries the whole external load. If the load 
tndtase, the dynamo voltage decreases, so that the booster voltage 4- 
bat^ voltage is greater than the dynamo voltage, and the battery 
begins to discharge. 

In dischars^, the current passes throi^ the series field of the booster 
and produces a proportional pressure acting with the shunt field to take 


milSHT SIDE U6KT 



eATTERY SIDE LIOHT 


Fio. 1.665.— Disgcamilluittatiiig storafe battery ayatcm, as applied to an automobile tor 
Ugfatiog. 

the voltage of the booster, thus increasing the battery discharge and 
duftiing more of the load from the dynamo, imtil the system becomes bal- 
anced. 

If the load on the external circuit be small, the dynamo voltage rises 
and current flows into the battery. In this case the series field acts against 
the shunt lidd and decreases the booster voltage so that the pressure at 
the dynamo is greater than booster and battery voltage onnbined, thus 
increasing the rate of charge of the battery until the load causes the dy- 
namo voltage to drop to normal and the system is again balanced. 

The battery and booster can be placed at the power house or where 
the greatest is likdy to occur. As thkeystem, like the series booster. 
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depends for its action upon the drop of voltage with increase of load, it is 
only adapted to shunt wound dynamos. 

From the foregoing description it will be seen that the compound booster 
is automatic within certain limits of battery charge. Any marked change 
of battery voltage will be followed by a corresponding change in dynamo 
currentp unless the rheostat be manipulated to bring battery vdtage-f 
booster voltage back to normal. 

While the theoretical dynamo current variation is small for a given 
change of load, there is always a sudden, momentary current rush from 
the dynamo on increase of load, the duration of which is equal to the time 
htg of magnetization of the booster field. 



Fxo. 1.656. — Diagram of connection of one form of differential booater. inopmtiont the 
d^meiQo current passca through the aeries winding of the booster, and the current in this 
winding is to remam practically constant. The shunt coil produces a field which opposes 
the field produced by the series coil, the resulting magnetization being, in directioa and 
amount, the resultant of the two field strengths. The adjustments are so made that when 
the normal dynamo current ia passing through the aeries o^, the shunt field just neutralizes 
its effect, and the resultant magnetization is zero. Since the open current voltage of the 
battery ia equal to that of the system, neither charge noi discharge takes place. With 
increased demand on the line, the alight increase in dynamo current in the series coU over* 
powers the shunt field, and causes a pressure in the booster armature in euch directko as to 
aenet discharge. If the external load fall below the average demand the current in the 
lerke ooU decreases slightly lo that the shunt field predominates, producing a booster 
armature pressure in a direction to assist charge. Although the voltageof the battery faffs 
whffe discharging bv an amount proportional to the outflowing current the increased exdta* 
tkn doe to this current through the eeriee ooQ is also proportional to it. and the booster 
voltage rises as that of the battery faffs, their sum being always equal to that of the system, 
la other woids, the booster serves to compound the battery for constant pcesmire. 
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Lights on a circuit with variable load will ' wijik’* on sudden d)aii|;!e8 
of load. In this respect the compound booster is not so satisfactory as 
the constant current booster* as in the latter all dynamo current pass^ 
through the series fields, which* by reason of their self-induction, oppose 
and check any sudden current rush, giving the booster field time to change 
its magnetization to the proper degree. 


Differentiikl Boosters. — In this type of booster, a series coil 
^ergized from the main current, tends to discharge the bat- 

C0MPENSATIN6 



Fig. 1,657. — Diagram of diderential booster sybu.m vviui compensating coil, in aperatiQU^ the 
compensating field coil of the booster opposes the shunt coil and prevents the variation of 
the battery voltage disturbing the equilibrium of the system. If the battery pressure be 
lower than normal, it will not discharge rapidly enough to relieve the dynamo from over- 
load fluctuations, unless the booster voltage be increased, and the dynamo will therefore 
have to supply a current greater than normal. If a current greater than normal flow throttgh 
the compensating coil, the effect of the shunt coil opposed by the series coil is decreased, and 
the compensating coil, acting in the same direction as the series coil, causes a higher booiter 
pressuxe tending to discharge the battery, and thus brings down the dynamo load to normal. 
Should the battery voluge be above its normal value, the battery would dischaive too 
rapidly and carry more than its share of the load. In operating this system, the varying 
load must be beyond the booster equipment. The series and compeniAting coils may be 
temporarily short circuited so that the battery may be charged more rapidly. 

tery, and a shunt coil, excited from the battery, tends to 
charge the cells. 

These two coils are opposed to one another, and the difference in their 
itspective strengths represents the net strength available for boosting. 
In Older to produce quicker reversal, additional compound coils aremne- 
times added. 
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ttaea'i' what service is tlie differoilid Inwster 

Ans. , It is suited to powo* and railway circuits where the 
loads fluctuate widely and suddenly. 

There are several varieties of this type of booster, and many patents 
have been issued covering the different methods of varying the voltage of 
the machine. 

Constant Corrent Boosters.— In installations where it is 





Sto* t,658.-»Diaeramof non-revenible or constant current booster system. The booster anutt- 
tiire mid are in scries between one side of the lighting and power bus bats. A Shunt 
Add is alw provided, which acts in oppositioa to the series field. This booster carries a 
pncticathr unvarying current from the lighting to the power bus bars* regardless of the 
littctnatkiiis of the external load, which current is equal to the average required by the 
fhic^ting load. Except under abnormal conditions the shunt field ahrays predmaltiBtee 
giVilig a voltaae whkh is added to that of the lighting bos bars, so that the volt^ across the 
poeer buses is always higher than that across the lighting by an amount eqiud to the 
booster voltage. If an eicessive load come on the power drcuita* the increased exchatlon 
of the series iaSi, due to a slight increase m current from the lighting to the power fane bars, 
loiferi the booster voltage and coneequenUy redueee the voltage acroee the power bus bare. 
The battery dbchaigee, fomiehing an amount of current equal to the dUlmioe befVeon 
gilitireqttiredhythekiadandtheconitantcuinfAthit^ tfthe|MeriM 

deeri^ bdow normhtr the slight decreaae in current in the booiter seriea fi^ ineteaaei the 
boosteriMmiatttmvcgtimeaiMl the eincss current goes into the bgth^ Thebooster.tlNgg* 
|t«e. dom Bot In nugity dvo a oOiMOt current, but by piovea? desiga the 


Sy^^ems 

desred lo suppfy both an dpptaxmuUdy conOant load and a foe* 
tmimg load from the same dynamos (as fw instance, in office 
buildings or hotels, where it is necessary to 8U|^ly hj^ts and 
elevators horn the same source), the fluctuations in the power 
circuits mu^ not interfere with tlw lighting circuits and to present 
this, two sets of bus bars ore provided. 



Pto. 1»6S9.— ’Batteiy system with regulation for long feeders, for iostallatioii whett It is desb> 
ahk to locate the battery at a point remote from the station and avoid any eqnipmeiiit 
tB^uitiof constant attention at the battery end. The conipound wound motors oonstsnt 
current booster is used and ke^ constant the current flowing through the feeder, tte bottoy 
taking up all load fluctuatioos. 


The dynamos are connected in Uie usual manner to one set of bus bam* 
and the Ugbtmg cii^ts am connected acro^ Across tte otheir set 
of bam are connected the ctreuits supplying the fiuctuating Joad» and 
faatl^ is abo connected directly across these power bam, 

the power bam are supplied with conent from the U^ttagebam* a 
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HOQ-reversible or so called constant current booster being interposed be^ 
tween the two as shown in hg. 1»658. Since this permits only a constant 
current to pass from the lighting bus bars, the lead on the d)TOmo does 
not vary, although the load on the power buses may vary widely. 


SepuBtely Excited Boosters.— In some forms of booster the 
field excitation is secured by a small exciting dynamo. An 
example of this class is shown in fig. 1 , 660 . 



Fig, 1,660.— Hubbard’s separately excited booster system (Gould Storage Battery Co.); dtagram 
showing general arrangement. 


The exciter is provided with a single series coil, through which the sta- 
tion output or a proportional part thereof passes. The armature of the 
exciter is connected to the exciting coil on the booster, and thence across 
the mains as shown. 

With the average current passing through the field coil or the exciter, 
its armature generates a voltage which is equal to that of the system, 


NOTE.— JteMrsIbto booatera should be used where the average total current to the 
Unqtusting load is greater than the battery discharge current, and when the pressure of the 
power bos bars must not fall oiT with increase in load. Electric railway and lighting ptgn 
having long feeders are examples of the sydtema to which reversible boosters are suited. Non* 
reveisihle tioostera should be used where the average total load is leas .ban the battery dia- 
duMte cinrent. and where aVlrop in the voltage of tte power bus ban ia of advantage. Exam* 
plea of such ftota are hotels or apartment houses where electric elevators are operated htwa 
the lighting dynamos. Boosters are usually driven by electric motors directly connected to 
them, though any form of driving power may be used* 
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and in opposition to it. These two oppos^ pressures balaxioe, and no 
current doi^s in the booster f.eld coils. 

With an increase in external load above the average, the tendency is 
for an increase to take place through the exdter series coil, augmenting 
its Md strength and consequently the exciter armature vdtage. Hus 
latter now being higher than that of the line, causes current to flow in the 
booster held coil in such a direction as to proiduce a pressure in the booster 
armature which assists the battery to discharge, and is of a magnitude to 
compensate for the battery drop occasioned thereby. 

When the load decreases below the normal, the current in the exciter 
field is decreased, and its armature voltage falls below that cf the system. 
Current wil now how in an opposite direction in the booster hdd coil, 
generating a voltage in the booster armature to assist charge. Since the 
exciter always generates a voltage in opposition to that of the line, this 
system is known commercially as the counter pressure system. 


TEST QUESTIONS 


1 . What provision must be made in power plants when 

storage batteries are not used? 

2. What is the effect of a battery connected in parallel 

with a dynamo? ^ 

3. What is understood by the expression "floating the 

battery on the line?” 

4. Describe the connections and circuit control apparatus. 

5 . Name four methods of control for storage batteries. 

6. Describe the regulation by variable resistance. 

7. For what service is variable resistance suitable? 

8. Describe an end cell switch. 

9. How should the corvductors joining the end cells to 

the end ceil switch contacts be proportioned? 

10. Describe some of the features of end cell switch con<* 
struct ion. 
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11. V^here are end cell switches of large capew^ 

bcat&i? 

12. What are reverse pressure cells used for) 

13. Describe regulation with reverse pressure cells. 

14 . What is a "booster?" 

15. Ncune six kinds of boosters. 

16. How does a series booster act? 

17. Describe the operation of shunt boosters. 

18. For what service is the shunt booster not suit&l? 

19. What is a reversible booster? 

20. Describe the operation of compound boosters. 

21. Describe the differential booster system. 

22. For what service is the differential booster adapted? 

23. What is a constant current booster? 

24. How do separately excited boosters operate and for 

what service are they adapted? 
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CHAPTER 42 

Storage Battery Management 

Hie Battery Boom.— Precautions should be taken to prevent 
any direct siuili^t falling on the battery cells in glass jars, as 
the Iweakage of such jars due to unequal expansion of the (Uf- 
ferent pcations of the glass, is a source of constant trouble and 
danger. 

The exduaon of direct sunlight also tends to keep the evap- 
oration of the electrolyte at a minimum. 

Every battery room should be provided with a water tap and sink. The 
floor should be paved with vitiifled brick, preferably blue or ydlow m 
odor, of diamond pattern and sloping in all directions toward suitable 
drains. A floor of this type can be easily washed by flooding with water, 
anditspattemstendtokeepitdry under foot at all times. Wooden floors 
are rotM very quickly by acid spillings and by the spray. 

The room should be kept absolutely dear of everything whidi may be 
injured by the sulphuric add fumes and it should be well ventilated to 
insure the safety and good health of the attendants. 

A battery, even at rest, gives off hydrogen which when diluted with air 
forms a mixture which is very liable to explode if bro^ht in contact with 
any kmd of flame. Unless proper ventilation be provided, the breaking of 
the connection when a current is flowing, or the lighting of a bare flame 
Imnp in the battery room would be dangerous. 

Battej Attendants and Workmen. — ^Those employed in 
setting: up batteries are liable to suffer from soreness of hands 
and the destruction of dotbing unless proper precautions be 
taken to prevent the same. In order to a^^^ these troubles^ 
the boots should be painted with paralBine mixed with an equal 
quantity of beeswax. 
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The dothing should be of woolen material, which, unlike cotton, is prac- 
tically unaffected by the add. If cotton shirts be worn, fh^ should be 
dipp^ in a strong solution of washing soda and then rough dried. 

An apron of sacking, backed with flannel should be worn over all the 
otto dothes. A bottle of strong ammonia should be kept in the battery 
room at all times, and in case of an acddental splash of add on the dothes, 
the immediate application of a small quantity of the ammonia, by itome 



IPto. 1,661.— Interior of storage battery room showing arrangement of cells. A, are tlie cc^ 
insulators; B, wooden stringers; C, supporting pieces. 


the stopper, will at once neutralize the add and prevent it bunting a hole In 
the material. 

A pail containing water made strongly alkaline with washing soda should 
also be kept convenienUy at hand during all opeptions in the battery room. 
The hands should be dipped occasionally in this water in order to prevent 
,the skin smarting and becoming sore under the action of the add. 

If a splash of add should happen to enter the eye. it should be abashed 
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at once wi^ water, warm water preferably, and then put one w two 
drope of olive into the eye. If dive oil be not inuneifiately available, any 
KUKl of engine oil is better than none at all. 



Fia. 1,662.— Portioa of a battery room abowing Eaide battery installed on two tier racka. On 
icoouat of the increased weight of the elements and the higher discharge cates required of 
tM type cells shown, the plates are shipped loose and the cells assembled on the ground; the 
plates are first plac^ in the jars and thra lead burned to lead bua bars. Bus bars used at the 
ends of rows are reinforced by copper bars embedded in the lead in order to provide ample 
conductivity to the terminal connectors. 

Points on Coro and Monagement. — In sotting up stfnngo 
cells, they ^ould be placed in as few tiers as possible, and in 
such a manner that the direct rays of the sun are not allowed to 
fall upon the cells. 




i!!i! Sr. 

•» CiS! °{ »« sun ar. .., . ^ 


»*««,» fT^P'antsww 

attend '^taiS 
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and set up immediately on arrival. When they are entirdy cooaeetsd 
they are ready for the additkm of the etectrolyte, and for the fonn^ 
diaixe, which they ahould receive inunediatdy. 

Qnes. How dioold the wooden stringera, didyea, eeil 
boards, and trays be treated? 

Ans. They should be thoroughly varnished to insure clean- 
liness as well as good insulation. 



Fita. 1^665.— Two complete Exide glam jar cells at end of a row. The iUustratlon la lAtandad 
to dtow the applicatioii of the two type bus bars, illustrated in figs. 1,663 and 1,664« in 
nmmbiing, the elements (positive and negative groups and separators) are assembled 
in glam jars and supported by lugs resting on the top of the jar. The jars are aet in aaait 
contained in glam sand trays, in order to distribute the weight, and the cells thus assem bl e d 
are aet on w^ racks Connections between cells are made by bolting together the tails 
provided for that purpose on the group straps. 

Outside of each cell and close to the mouth, melted paraffine should 
be qqdied by means of a brush, so as to form a band about an inch wide, 
fix’ tte put;^ of preventing the electrolyte creeping over the top of 
tiie iar, wetting the eutade, and thereby impairing tte insulation. 

Qa<ra Wlut shonid be done to nvoid waste ot current by 
toiSefe? 
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Ans. Each cell of the battery must be thoroughly insidhted. 

Qnes. What is the effect of verdigris which fonns on the 
termiiuds? 

Ans. It is a poor conductor and should therefcx’e be removed 
and the terminals kept bright and clean to insure the proper 
flow of the current. 

Ques. What precautions shonid be taken in unpacking 
cdUs? 
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Fra. l,666.--*lnterior battery bouse Bostoo. Cape Cod and New York Canal Co., Buasvda 
Bay, Mass. 


Ans. The plates should be handled carefully. 

When they are sent out from the factory already built into sections, they 
should be unpacked without disturbing a si^le plate. In aH cases, every 
particle of packing^, straw, hay and any chips and bits of parts should be 
carefully removed, and all the dust ^ould be bbwn out of the ^oea 
between the plates by means of a bellows or other similar device. 

Although sudbi partides are good insulators, the action of the 
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tu^tiiic add dectiolyte carbonises them, redudng their resistanoe 
iriddi tends to produce leakage. 

Qnes* How should the ceUs be assembled? 

Ans. In placing the plates or plate sections in the containing 
jars or tanks, care should be taken to see that the supporting 
frame of paraffined wood bears evenly on the bottom of the jar. 

If not, wedges of paraffined wood should be placed under the 
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Fios. 1,667 and 1 ,668.~Views of battery cellt and stand. A, cable lugs; B. bus ban; C, gton 
tanks; D, plates; E. glass insulators: Q, vitri&ed brick; O, lead washers. Battery cells are set up 
on stands, the one shown being built for a 100 ampere battery. Larger six » would, of course, 
require hravier stands, and if space be limited, the cells may be set in rows, one above tbs 
other. However, it is evidently much better to place the cells in single rows, where they 
will be convenient for inspection and repairs or any work that has to be done on them. Tfaer« 
are several other ways of setting a battery, one of which is to place the siringen on tbs 
floor, on vitrified brick or some other insulator, and then place trays filled with sand on tbs 
stringers, setting the cells in the trays on glass insulators. 


frame, so as to distribute the weight of the section equally. Each section 
^ould be lowered gently into the jar until it rests fairiy upon the frame, 
and care should be taken to see that none of the plates have shifted, and 
tluit the section is situated centraUy in the jar, with a small dear space all 
around. 


Ones. How should the cells be arranged? 
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Pan. ] They should be so placed that the battery atttwdaM 
can see the edges of the plates and consequently the is^HOee 
between them at the same time. 

Ones. Describe the method of e<nuiecting die cells. 

Ans. This is accomplished by means of solder, bolts and 
silts, w clanq>s, acccxrding to circumstances. 

The use of solder is not essential if there be a good sur&ce of the lead 



Pros. 1, 669 and 1,670.— OU imulator; fig. 1,669, genera! view; fig. 1,670, aectk>Dal view. When- 
ever a number of open celts am in use, unless precautions be taken, electrical leakage between 
the oeUa invariably occurs. This leakage is due chiefly to the semi-oonducting nature of 
the thin layer of moisture which frequently covers not only the glass containing cella. but 
the unimmeraM parts of the elements, and even the thclves on which the cellt reit. Th 
prevent this waste of energy, the outside of the cells should occaskmally be wdl cleaned 
and thoroughly dried. A little vaseline or tallow may then be rubbed over them to ad- 
vantage. The ahelves of supports for the cells, should either be well vamislied or coated 
with paraffin wax. Electrical leakage is greatly reduced if each cell be mountM on a glass 
or earthenware insulator, as shown in the illustrations. The insulator here ahown is hi 
two psrti and of a mushroom shape. Ths lower cup contains a small quantity of aonae 
non-evapoiating oil, aqd as the conducted moisture cannot bridge across this, a nearly 
perfect insulating medium is obtained. These insulators are made in various siaes and may 
be Stained in earthenware or glass. Thoee made of glass are found to give the best results. 


Strip of one cell in contact with that of the next, and provided these contact 
surfaces have been well cleaned. Usually, the ends of the lead strips are 
turned up so that the junctiem of two cdh takes the form of aninvertedT* 

Qaes. What precaotion riionld be taken in joiniBg the im* 
minals of the cella? 

Ans. Tlttomtactatthe juncriomriioiddbe verythorongfli, 
otbenrise they will become heated when a curvent is Jowuig, 


Brass <#* min « 


I Of 

sssaSittiSir^ 
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Vasdiiie and different kinds of anti-sulphuric add vamiahes, or prepaia- 
tioDS that are not attacked by the electrolyte, may also be used for this 
purpose. It is a good plan to color the varnish with vermilion or top 
bla^ and paint the positive connections red and the negative connections 
black, and also other parts of the installation for distinguishing the polari- 
ties. 

Candensed Rules for the Proper Care of Batteries*— 'The 
following general instructions should be followed in the care 
and maintenance of batteries: 



no. 1.672.— Michigan Central Railway, Welland draw battery. View of the batteiy looni 
ahowins automatic pilot cell filler. 


NOTEw — Peroxide of lead, pure oxide orptumbte dioxide la the true active material in 
all lonna of lead storage cell. Thia lead salt is found native as the mineral plattnerite. It ia 
a heavy lead ore, forming black, lustrous, six sided prisms. It may be prepared from rad 
oplde ^ boiling it in fine powder, with nitric acid diluted with five parts of water, cr b« seating 
the carbonate when suspended in water with a stream of chlorine gas, and then tboromddy 
wariihig and drying it. It is reduced to a lower oxide on heating or by exposure to bright 
awdight. This salt readily imparts oxygen to other sufastanoes; it becomes heated to red ne ss 
whan thrown into sulphuric dioxide, and takes fire when triturated with sulphur^^-benee thh 
oxide is n common ingredient iuludfer match composition. When used in priinary or secondary 
batteries it readily jnparts its oxygen to nascent hydrogen, forming water, and thus ft hCM 
as a powarfol depolariier. When robbed of its oxygen, it readily becomes reoxkHsedt if snb^ 
ieeted to the action of nascent oxygen liberated by the efoctralytic dfcompOsitiQn of wttst. 
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1. A battery must always be duurged with ''direct" current and in 
the ri^t direction. 

2. Be careful to charge at the proper rates and to give the right amount 
of charge; do not undezrharge or overcharge to an excessive degree. 

3. Do not bring a naked flame near the battery while charging or imme* 
diately afterwards. 

4. Do not overdischarge. 

5. Do not allow the battery to stand completely dischazged. 

6. Voltage readings should be taken only when the battery is charging 
or discharging; if taken when the battery is standing idle they are of 
little or no value. 

7. Do not allow the battery temperature to exceed llO® Fahr. 

3. Keep the electrolyte at the proper height above the top of the plates 
and at the proper specific gravity. Use only pure water to replace loss 
evaporation. 

9. In preparing the electrolyte never pour water into the acid. 

10. Keep the cells free from dirt and all foreign substances* both solid 
and liquid. 

11. Keep the battery and all connections clean; keep all bolted con- 
nections tight. 

12. if there b.i lack of capacity in a battery, due to low cells, do not 
delay in locating and bringing them back to condition. 

13. Do not allow sediment to get up to the plates. 

14. Keep the tops ot dosed batteries clean. 


*NOT £. — The voltage increaae or decreaae with change in current is practically on- 
Etant in a given type of cell for any size of cell when the current is referred to a given time rate of 
charge or discharge; that is. the drop in a large cell or in a small cell, when each is discharged 
at its four, six or eight hour rate, will be the same. The drop varies somewhat for the con- 
dition of the battery charge. 

NOTE . — Mow to prevent lead poiaoning. Workmen employed in the manufacture of 
lead or lead salts are always liable to lead poisoning, both by inhaling the dust and by contact 
of the materials with the hands. Various preventives for this have been employed, and of 
these* the most simple seems to be a careful washing of the hands m petroleum. It is said 
that tinee washings a day are sufficient to prevent all serious danger of poisoning. The ben- 
sole in the petroleum appears to scour the sldn and remove the loose lead dust, andjhe fatty 
aubsumcein the oil fills up the pores of the sikin and prove its the absorption of the ^eterious 
salts. The employinent of petroleum has given such good results that «t has been profXMed 
to use this material as a guard against poisoniiig in other induMriei where the salu of copper 
or merenry are employed. 
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TEST QUESTIONS 


1 . How should cells be placed in a battery room? 

2. How should the wooden stringers, shelves, cell boards 

and trays be treated? 

3. yH^hat should be done to avoid waste of current by 

leakage? 

4. What is the effect of verdigris which forms on the 

terminals? 

5. What precaution should be taken in unpacking cells? 

6. How should the cells be assembled? 

7. How should the cells be arranged? 

8. Describe the method of connecting the cells. 

9. What precaution should be taken in joining the 

terminals of the cells? 

10. What should be the condition of the battery room? 

11. Wfutt kind of preparations are not attack&i by the 

electrolyte? 

12. Give fourteen rules for proper care of battery. 

13. How may lead poisoning be prevented? 

14. What is the nature of peroxide oj lead, pure oxide or 

plumbic dioxide? 
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CHAPTER 43 

Storage Battery Troubles 

To successfully cope with faults in storage batteries, there 
are two requisites: 

1. A th(»ou^ knowledge of the constructkm and princ^ 
of operation of the battery, and 

2. A well ordered procedure in looking for the source of 
trouble. 

The bolts idiich are usually oicountered by those u4m> opente stoiags 
batteries are here giveo. 

fflMTt Circidts.— A short circuit may arise throu^ miy of 
the following causes: 

1. TiBOUgb direct contact between adjacent {dates. 

2. Through some conducting material such as a {dece of lend, solder, 
^loagy lead, or oride of lead sticking between the {>btes. 

3. Throurit direct or indirect contact with the lining of the tank, if kad 
lined tank be used. 

4. Thnnigh foreign particles such as wood, straw, fibre, plaater, etc., 
getting into the cells. 

5. Through unintentional toudung of lugs on adjacent {datee, 

6. Thrmuh the accumulation of aediment in the bottom of the jar or 
twik. 

7. Obcaskmaily fine particles which are not notioealde at first nay bridge 
aooH, grow In^, and becoine short circuits. 
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It is of importance for the satisfactmy working of the cells 
that positive and negative plates, and ^ parts of the same, 
shouM be completely insulated from one another. 

Whc^ a short circuit is sidiciently large to allow the dis- 
diarge of the cell to pass through it, the elements will get into 
an unhealthy condition. 

The indications of a short circuit are low voltage, low spedfic 
gravity, and the failure of the ceil to gas at the end of the diarge. 

As soon as the condition of the cell indicates a short circuit, 
it should be given attention immediately, and the trouble rem* 
edied by removing the short, after which the cell should be fully 
charged before again being, put into service. 

Siould the operator suspect trouble with his battery he may discover 
a short circuited cell by the marked difference in color of the plates or 
in the specific gravity of the electrolyte, as compared with the other 
cells. No particular damage will be done, if the trouble be discovered 
and removed before these symptoms become too marked. 

If a foreign substance has become lodged between the plates, it may 
f>e removed by a wooden or glass instiument. 

If some of the active material has scaled off, it may be forced down 
to the bottom of the jar. If excessive sediment be found, the jar and 
plates should be washed carefully, and reassembled. 

Short circuits usually occur through the giving way of the 
wood separators between the positive and negative {dates. 
Tlte causes of this may be: 

1. Age of the battery; 

2. The solution allowed to fall below the top of the {dates, 
in which case the se{>arator° will dry and crumble. 

It is of vital importance in a batteiy to. have the separatots is good 
condition, and unless a batt^ be new it will be found advisable to inttaU 
new wood s^rators Wbenever a ceil is dismantled for repairs. 




Storage Battery Troubles I48S 


A short circuit in a cell is indicated when it becomes dead and the soluk 
tion cannot be brought up to its proper density by charging, or when 
cdl will not hold its charge. Sometimes, if the separators be renewed* 
the cell will continue to give service. This can be generally determined by 
an examination of the plates. If the plates be luud and solid they can 
probably be used again. If they be soft, pitted aid crumbly, new ptetffs 
should be installed or a new battery furnished. 



caw be xwt fadd down firmly, the Joitiiic of the car wifi crnwe the idataa to jonip acomid* 
bteakuw tha aealmg compound and caiming the paete to fall out. 
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Leak 7 Jars. — the solution be found to be markedly lower 
in one cell than in the (^er cells, it indicates that the sdutioa 
has spilled due to Mure to tightly replace the vent plug after 
filling, or that the jar has developed a leak. 

When this condition obtains* the cell should be filled to the |»oper 
heifi^t with pure water and the battery should be watched carefiilly to 
det^ine the cause. If the questionable cell continue to lose solutkmto a 
grater extent than do the other it is sure evidence of a les^ jar. 
This jar should be replaced at once to prevent damage to the case. 


Qaes. What causes low specific gravity when there are no 
short circuits? 

Ans. 1, stoppage or a leaky jar (the loss having been xe* 
placed with water alone), 2, msufSicient charge, 3, ova* 
charge, or 4, a combination of these abuses. Any of these mean 
that there is acid in combination with the plates. 


In this case the acid should be brought out into the electrolyte by a 
long charge at a quarter of the normal discharge rate. 

UEMEDY 


i Needs ehargiiig. 

I. Needs reinsuladon. 

C, Eeidsce ]sr. 

D. Have work done by Willard Service 
Station or a good battery man. 

t Fill only to inch above plates. 

f Let experienced battery man replaod 
the electrol 3 rte. 

d Go over the wiring system to find the 

K. Glesn battery and the inside of bst- 
teur oompsrtmrat with doth mdst* 
enf4 in funmonla; this will neutvaUse 
add. 


L Clean and grease temiasls wlA 
vaseline. 

j. Tighten terminsls and all eoanse* 
tions 

I. Bum sU lights. 

L Give long charge at low tale. 

S. Add water. 

t If in service for four yesis fqdaee 
with new battery. 

0. Take ear to motor oar dealer for ia> 
adjustmast and for testing. 


WiUM TmMt CAart. 



Beseo Thnitde CSiart 
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Worn Out Plates.— If the solution in the cells can quickly 
be brmij^t up under charge to the proper density and (mly a 
small capacity can be obtained on disdiarge, the battery is 
worn out, due to age or uKfifferent material in the plates. 

The above applies to a batt^ under test and not on the car, as in die 
latter case there may be faults in the lighting and starting system, causing a 
leidc hum the battery or causing the battery to receive insufficient charge. 

A cell that has been short circuited may be disconnected 
from the l»ittery and charged and discharged several times 
separately which may remedy the trouble. 

Hates that are fully charged are in the best condition for examination 
and repeuring. If some of ^ plates are to be discarded, eliminate any 
dxtrt circuits and give the battery a preliminary charge before working on 
the plates. 

Ques. How are internal short circuits indicated? 

Ans. Short circuits in a cell are indicated by shmt capacity, 
low voltage and low spedlic gravity, excessive heating and 
evaporation of the electrolyte. 

Ones. How are internal short drcnits located? 

Ans. If the trouble cannot be located by the eye, the bat- 
tery ^ould be connected in series and disdiarged at the normal 
rate through suitable resistance. If a suitable rheostat be not 
available, a water reastance may be used. 

This condsts of a receptacle (which murt not be of metal) filled with 
very weak acid solution, or with salt water in which are suspeiuled two 
metal plates, whidi are connected by wires through an ammeter. The 
current may be regulated by altering the distance between the jfiates, 
or by varying the krength of the solution. As the discharge progresses 
the ventage will gradually decrease, and it should be frequently nad at 
the battery terminals: as soon as it shows a sudden drop, the voltage cd 
each cell should be read with a low reading vdt meter. 
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While the readings are being taken, the dischatge rate shoiddt be fcefrt 
ooostant and the discharge continued until the majority of the cells read 
1.70 volts; those reading less diould be noted. The disduirge ^uld be 
followed by a charge until the cells which read 1.70 volts are up, then the 
low cells should be cut out, examined, and the trouble remedied. 

Oto* Discharge; Bucklihg. — On account of unequal enqian- 
sion of the two sides of a plate, or certain portions thereof, the 
strains thus set up may distort it and cause it to buckle or 
warp. 



Pio. 1,674. — ^Method of straightening a buckled plate. BuekUng is caused by the unequal 
eapanskm of the plates which is due to the sulphate lodging on the plates, thus preventing 
action taking pla^ at that point; and by excessive charging. If the plates be not badly 
buckled, they can be placed between 2 boards and with a litUe pressure can be straightened 
oat. 


Buckling is always due to over discharge on either the whole, or some 
portion of the plate. Occasionally buckling may occur with too rapid 
charge and disdiarge. 

Siriphation of Plates.— During discharge a storage cell, de- 
t^iorates on accowti of fomuUion of lead sulphate om ike 
nufm of the plates. . 
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This lead suljdiate is the product of the chemical combination of active 
maiterial with the dectndyte. It is an insulator, white in color and of 
greatw voltune, in proportion than the active material. 

When the discharge is over prolonged, sulpfaation is evidenced by the 
electrodes becoming tighter in odor, because of the sulphate vduch lessens 
die active surface. 

Ones. Name some cauaes of anlphation. 

Ans. It is sometimes caused by a too weak or too strong 
add solution, but more generally by continued over disdiarg- 
ing, or too rapid discharging of the batteries, or by allowing 
them to remain uncharged for long periods of time. 

Quea. What is the effect of aulphation? 

Ans. It tends to cause shedding of the active material, 
buckling of plates, loss of capadty, increase of resistance and 
consequent reduction of efficiency, and increase of temperature 
with flow of current. A suffident amount of lead peroxide and 
sponge lead must be retained on the plates to reduce this re- 
sistance, otherwise the diarging current cannot flow through 
the active material and regenerate the battery. 

Ques. What should be done in case of sulphafion? 

Ans. Charge the battery below the maximum rate, neces- 
sarily ixrolonging the charge, until the plates assume the propm 
odor. This is a tedious ta^, but it must not be hastened, as 
rapid charging will cause serious buckling. 

NOTE . — Bow to daatrog aeld v^por in atoraga bmtttrg rooma> The best reniMly is a 
good eyateni of thoiough azid rapid ventilation; failing this the evil effect of the add may be 
winifni^ by the fumes of a powerful rlkali such as ammonia, which will readily oombine with 
(he sulpburic add to form sulphate of ammonia, an inert and harmless salt. If the use e4 
hquid ammonia be obiectkmable, the granulated carbonate of ammonia will do equidly well, 
the ammonia fumea are best obtained by placing dilute amnionia in shallow dishes, to that la 
emm w Na evaporating surface is obtained. In the same way the corroding dew which ia to 
iraquendy depodted on the lugs and coofleetora of atorage battery dementi may readily h« 
UaufaaBmd by the appiieaticm of a eolatioo of ammonia, or even oommon washing soda. A 
good rneahod of pRitadiiig metal work in battery rooms is to smear it over evenly with vasdine 
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Tte d u MT g i n g shnild be done at iow rates. IXadiaige should not be 
carried bdow 1.8 volts per cell, and the charginK current shoidd be stopped 
when each cell shows 2.4 vdts. 

If plates be in a very bad condition, a little of the white 
depont on each of the positive plates may be removed with a stick, thus 
eiposing a part of the good surface to the action of the etoctrolyte. 




If the positive {dates cannot be restored to tijdr proper odor as di- 
rected, it is cheaper to rq^lace themliy a new set, rather than to attemiA 
their recovery by means of reversals. 

of Caputty. — ^This is usually due to the doggiag of 
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the poees in the i^te with sulphate which is invidble because 
the surface of the plate is maintained in proper condidrm but 
the interior portions of the active material have not been thmr- 
oiighijr reduced. To correct this condition, tl» battery ^ould 
be given a prolonged overcharge at low current rates, say about 
one firarth the normal 8 hour charging rate. 

Positive cells are sanetimes considered defective if the cells vdll not 
takes dia^ or they show lack of capacity, especially if they seem to be 
hard. This condition is sometimes due to new separators vdddi have not 
been allowed to become saturated with electrolyte before starting the first 
chatfe. 


Ones. What aethm takes place when a hattny stands idle 
fer some time? 

Ans. It loses part of its charge, due to local losses in the 
cells. 


Qnes. How should baiteries be treated, when nwd hot 
occarionally? 

Ai^. If a battery is not to be used for several days, it should 
first be fully charged before standing, if it continue idle, a 
fre^ning charge should be given every two weeks, discon* 
tinuing the charge when the cells b^in to g^ freely. 


NOTE.— Oxlefo of toad, litharge, or plumbic oxide is sometimes fdund native as lead 
octtte* and may be aitifidally made by heatiog the carbonate or nitrate. It is usually prepared 
on a larger scale by heating the lead in air. When the metal is only moderately heated, the 
oilde forme a yeUow powder which is known as massicot, but at a higher temperature the oihle 
mehe, and on oooliiig, it forms a brownish scaly mass, whicb is called flake litharge. The scaly 
plMBe are afterwards ground between stones under water, forming buff or levegeted litbarfe. 
The litharge of oommeree often has a reddish yellow oofor* due to the presence of some of the 
r^ OaSdeof lead, and firequently Cram one to three per cent, of finely ihvided metallic kid k 
IdBnd miaed with it. Whim heated to dull rednese lithwge amumes a dark brown collar, and 
b^Domeeyeaowagahioaoooliiig. Atafarii^fedheatitfueesandreadikyattacltedaycnici- 
fedm, IminitigailkateoCieadU Utharge k a nmet powerful base^ and has a atitmg tendency 
hmmbieiciaks. Hotaeltttkmofalkalks.MpotaBhoraoda.readfl7dkaalimit.iadon«pate 
ciyitaMi mit in tim Cm ol 
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Ones. Wliat iiotild be done in ease ef l»dc ot teyuByt 

Am, If the current consomtition be normal, there may be 
poor connections or trouble in the battery; there may be aihy 
cell, due to a leaking jar; some or all of tiie cdls may be in a 
state of incomplete charge, due to the battery having been rod 
too tow and not sufficiently charged, (a* the plates may be duvt 
circuited, either by the sediment (deposit in the bottom of the 



Fio. 1,677.— Home made water leaiitaiioe or rhaoetat lor dimhafging battenr. 


jar) gettii^ up to the bottom of the plates or by scanethiiig 
that has fallen into the cell. 

Positive plates should be examiDed for budding (warping) and washing 
out of the material. If tbe plates be buckted so much that the eiemeot 
win not go bhek into the pv they must be discarded. Negative ptatea 
are not affected by abuse as readily as the positives. In the last stage 
of eattemesuipharioii of negatives in widefa dw material deterionttes ii^ 
what mav be described as a mushy nndltioit. tpuffiy resuttiag fioa 
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ad^W to the odls, there is no treatment known that wiB reatore 
odh which have been abused in this manner. 

MailfestatkHu of Proper and Improper Battery Operatlen. 

— ^It id easy to determine the condition of the battery by looking 
at it, assuming the observer know what to look for. In ex- 
amining a new battery fully charged, the following will be 
noted: 

1. There iprill be a little sediment in the bottom of the jars, but not 
much more than the thickness of a piece of paper. This may be white. 



fte. l,078ir*^JiMkitliai«ed baUery. During the prooeM of ndiafginc e battery which had 
kM la an under cfaazied oonfitkm long enough for the platee to turn Uiditer in color, time 
SdB he depoiited in the bottom of the jar a thin layer of fine irtute powder at ebown. 

gmy, light brown or dark brown, but in any case it is of no consequence. 
Tte dei^rolyte should be at the proper height In all of the cells, that is 
about hatf way between the tops of the wood aeimmtoii and the boUoom 
tbeoevems 

SL The negatfvefdatesihouU be daxfc gray mid the suffice 
nsaatfve plates ihcfixld be ^ 
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Utet. 1,679 to 1,6B2.>-Battery numifestations. If a battery be rechanged very slowly ao that 
then Sa no gasBins to cause the electrolyte tocirculate, the white deposit (shown in fig. IjM 
wiU settle down in little ridges as shown in figs. 1,679 and 1,680. This deposit ckf fine white 
powder is the mdkatkm that the battery had been allowed to stand for some time in an under 
chatged condition before being rechar^. If the battery had been allowed to stand in an 
under charged condition once and then recharged there would be one layer of fine white pow- 
der in the bottom of the jar. If the treatment were repeated there would be an addHtenal 
layer of fine white powder for esch recharge whidi followed a prolonged period of under 
chaifing. This is illottnited by the different layers shown in figs. 1,681 and 1,682. Whenthis 
batt^wss put into service it was discharged and overdischarged. It was then given a per- 
tial duurge and dischsrged again untff it would not produce any more current, this wre re* 
pssted time after time at shown by the number of layers of fine white sediment The battery 
had a short life and the service was not satisfactory even while it did last. An undercharged 
battery cannot give satisfacto^v service. 
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3,! tlie eden of tiie poeitiTe platet should be ytsy dark bcowa wd 
dio^ have a ftw smooth soft looking texture. Remember that it dxadd 
be a very dark brown. Some would ^ it a chocolate ocdor. 

and Dischargiiif.— Scnne of the different vraQrs a 
battej^ tnay be charged and discharged and the effects of each 
may paw be omsidered. A battery may be: 

1. Undo^iaiged: 

2. Ovoxharged too much; 

3. Chafed properly; 

4. Discharge too low. 

Undercharged.— If a battery be discharged a normal amount 
there is no very perceptible (±an^ in the color of the plates. 

If the battery be allowed to stand in a discharged ocmdition or if it be 
only partially recharged and allowed to stand in this condition a short 
tinie, both the negative and the positive plates will tom sligfaUy liiditer 
in color although the texture of the [dates will remain the same for some 
time. 

If the undercharging be continued, that is, if the battery be not given 
an overcharge, the negative and positive plates will both tumconsidiMbly 
lighter in in a few months. Carefully noting the colors, a slight 
change in even a few we^ will be seen, ^y tendency of the [dates to 
turn lighter in color is an indication that the battery is bong undettha^ed. 

Qoes. How should weak cells be treated? 

Ans. They should be grouped by themselves and diaiged 
as a separate battery, care being taken that the positive strfQ) 
ei one cell, is connected to the negative strap of the adjdning 
oeU and that the charging connections are properly made. If 
there be not suffidoit resistance in the charing iheostat to 
reduce the current to the propm: pc^, a water resistance 
^lOnld be used. 

Overcharged Too Mach.— If a battery be not allowed to 
stand in a discharged or partially discharge oanditicm for mcax 
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a wedc befcm bong lediarged and each leduuKe Is 
cankd to con^etkm, there wiU be no fine white aedinieat hs 
the bottom ctf the jar. 

The negative plates will always be a dark gray and the positive platea a 
dark brom. When a battery is bei^ overchsurged the sediment thrown 
down is from the positive plates, and is dark brown and very fine. As it ia 
always necessary to overcharge a battery to some extent, the throwing 
down of this fine dark brown material ttm the positive plates is tmavoid^ 
abte. Therefore, a space is provided in the bottmn of the jar for this sedi- 
ment to accumi^te. The rate at which it accumulates depends on the 
amount the cells are gassed. 

If a battery be overcharged at a low rate and the overcharge be not 
continued too long each time, the sediment will accumulate v^ dcwly. 
When the overchs^ging is wdl regulated, the sediment space will hold the 
accumulation during a period of 5 to 8 years. The sediment space is 
about 1% inches d^ and if the overcharging were regulated so that the 
sediment would be thrown down at the rate of of an inch a year, the 
space would hold the accumulation of seven years. It is therefore well to 
watch the rate at which the sediment accumulates. 

If there be no fine positive sediment at all, it is probable that the battery 
is not being overcharged sufficiently. If the accumulation of fine podthm 
sediment be greater than ^ inch per year, it indicates that the evercharges 
are given at a rate which causes too much gassing. 

A moderate amount of gassing is hard to describe, but is about the same 
as that given off from a freshly poured of soda water. 

Charged Properly.— It may be possible to charge a battery 
exactly the right amoimt, but any attempts to do so would 
require very careful measurements and very close watching^ 
and even then it would be difficult to determine the exact in* 
stant the charge was completed. From this it seems necessary 
to either undercharge or overcharge. 

If a battery be undercharged, little or much, the service will be unsatis- 
fact^ and die life short. If a battery be overcharged, little or much, the 
service will in either case be h^y satisfactory as long as the battery lasts 
and the wear on the plates will be in propoitkin to the amount of over- 
charging, Therefore, to make it give satisfactory service, a battery must 
be given Uie regt^ overcha^, and to make it give a long life, it roust be 
ovdcfaarged as litUe as possiMe so long as M; is ovendi^^ 
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Dbeharged Too Low —There is no perceptible wear «i a bat- 
tery daring charge as long as the charging current is kept 
below the gassing^point. The wear begins with the overdiarge, 
that is, with the gassing, and the amount of wear is determined 
by the excessiveness of the gassing. 

Ukewise tha« is no perceptible wear during the normal discharge of a 
battery but if it be overcharged, the life of the battery will be affected. 
When a battery is disdiarging, the chemical action which produces the 



Pig. 1 ,683 —Battery dittcharge too low. !f the battery had been fully charged just p^k>u» 
to the over discharge, the additional lead sulphate would make room for itself by causing the 
active material of the negative plates to swell out beyond the surface of the grid as shown in 
fig. 1,684. A swfrflen negative plate always indicates that the battery has been over dis- 
chargtd, atkl also that it was fully charged just previous to the over dts^rge. 

current c-auses at the same time the formation of lead sulphate in the 
pores of the plates. 

This lead sulphate occupies considerable rooms and as the discharge 
continues the accumulation of lead sulphate fills the pores throughout the 
plates. At this point the discharge should be stopp^ as the battery has 
delivered its normal capadty . which is indicated (when the disdiarge is at 
the normal or higher rates) by a tendency of the tottery to slow dp a little 
in the production of electricity. 
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Under average conditions the battery is discharged at less thap the 
normal rate, and there will be no pero^ble slowing up in the product^ 
cf dectridty , and it will therefore be necessary to determine the end of the 
discharge by taking the gravity of the solution as prescribed by the mami* 
facturer. 

If a battery be allowed to discharge inore than its normal or rated capadty 
the over disctoging will form more lead sulphate in the pores of the plates 
than they will ^Id and this additional lead sulphate will make room for 
itself as explained in hg. 1,683. 

Diagnosis of Battery Conditions. — It is not always convenient 



PXQ, 1 ,684 .--Battery under charged for long interval. If the bnttery had been under charged hr 
eome time (sufficiently long to allow the plates to become hard) and then over discharged, 
the additional lead sulphate formed during the over discharge would make room for itself 
fay tdowing out the little granular chips of active material, leaving the plate in a pitted condi* 
tkm as shown in fig. 1,683. Again, the additional .ead sulphate from over discharging may 
make room for itsdf by buckling the plates or cracking the grids. Therefore, a pitted plate, 
a buckled plate or a cracked grid always indicate prolonged under charging foUow^ by 
over discharging. 

to ^tdi a battery long enot^h to see the development of dif- 
ferent conditions, but it is often desirable to take a battery 
aftor it has been in service fa- some time and from what is left 
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find out the treatment it has received. To do this systematically 
look for the conditions whidi will enaUe you to answer the 
following questions: 

Is the dectrolyte at th^ proper height in all of the cells? 

2. Are all of the plates and separators in proper position? 

3. Are the negative plates light gray, dark gray or dark gray vnth white 
powder on the surface? 

4. Are the negative plates cracked, buckled, or is the active material 
falling out in lumps? 

5. Are the negative plates blistered? 

6. Is the active material of the negative plates swollen out beyond the 
surface of the grids? 

7. Is there a mossy deposit on the tops of the negative plates? 

8. How much sediment is there in the bottoms of the jars? 

9. Is the sediment dark brown, light brown, gray or white? (If the 
sediment be deposited in layers of different color, note the amount and color 
of each, beginning at the bottom. Note also whether the layers be com- 
posed of fine or lumpy material. 

10. Are the positive plates dark brown or light brown? 

11. Are the positive plates cracked, buckled, or is the active material 
falling out in lumps? 


To make application of some of the fcnegoing, note the con- 
dition of the cell shown in fig. 1,685. 

Sometimes a single observation will tell a story by itself but more often 
it is necessary to combine several observatirms. 

Combining the answers to questums 3 and 4 (in fig. 1,385) it 
will be noted that 3, the negative plates are of a lifi^t gray 
coltff, that 4, the negative grids are cracked, buckled and the 
active material is foiling out in lumps. 

The light color indicatee prdonged under duuging. That is, aone of 
the enlpbate had been allowed to remain in the pletei until they becann 
lighter in ccdor and at the aame time they became hard. If the ptates were 
aooeesihtewbile in tbia light gray condition and the Buiftweacrstchd with the 
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point of a knife, it would sound like 
scratching hard cement* While in this 
underchaiged and hardened condition* 
the battery was over discharfi^. Tte 
over discharging, that is, the forming of 
TDxxt than a nor^ amount of sulphate* 
tended to make the active material ex* 
pand but as the material was too hard to 
expand by stretdm^, it ^cpanded by 
buckling and cracking the grid. 

Further over discharging formed still 
more sul^te whidi made room for itself 
by pusl]^ the material out in small 
granular lumps as shown sticking out 
from the surfece of the native plates. 
Also, some of the lumps have fallen to the 
bottom of the jar as shown in answ^ 
to questions 8 and 9. 

To continue oj^rating in the same way * 
the active mate^ of the negative plates 
will continue to disintegrate into light 
^y granular lumps until the entire mass 
is in the bottom of the jar <»’ lodged in 
the meshes of the grick. The proper 
operation of the cell will restore it to 
practically full capacity and greatly pro- 
long its Ufe. To do this, the battery 
should be given a full charge at a rate 
low enough to avoid hard gassing. This 
may require 75 to 100 hours. Thereafter, 
chatges may be given at the normal rates 
although the charges should be continued 
a little longer each time than in the past. 


Fill. l,68S.--6tonice cell with edge of Jar bnken away to that csonditkm of interior can benotad. 
Obaenre: 1, all of the piatea and aeparatocB are in proper poiitiDn; 2, the negative phitae are 
tight gray: 2, the negative platei are cracked, buckled and the active material it falling out in 
luihpii 4, the negative piatea are not blittereU: S, the active material of the negative piatea 
ia notawoUen out beyond the aurfhoe of the grida; fi, there ia no moeay deposit on the tope 
of 'the mgative piatea; 7, there 2a about H of an inch of sediment in the bottom of the Jer;8« 
theaedtiment la tight grayaod lumpy; 9. thepoaitive platei are light brown; tO,onepoaittve 
plate leatigiittyonfiked. none are buckled and the active nwtcrial ia notlaUingOut la \mm^ 
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In questions 10 and 11 it was noted that the po»tive plates 
are of a Us^t brown color and that one positive {date is d^tljr 
aadced. 

The light bmwn color indicates undercharging and the cractol grid also 
indicates under cha^g followed by over dis^r^g. To continue under 
diarging and over discharging would cause the positive plates to tarn a little 
fighter in color. The grids would crack more, probably buckle and the 
active material would crack and fall out in lumps. Proper operation as 
already outlined will restore the positive plates to a dark bro^n color and 
the cracks in the grids will not interfere with discharging the battery at 
normal rates. 


To make further application of the same questions^ note the 
condition of the cell ^own in fig. 1»686. 

In reviewing the condition of this ceil shown in iig. 1,686, note that it 
left the factory fully charged, the negative active material bdng in a soft 
tough, spongy conation. )^en in this condition the cell was over dis- 
charged, that is, it was fully discharged and after standing a short time was 
discharged some more and the process repeated until more lead sulfate 
was formed in the plate than it would hold, thus the extra sulphate made 
room for itself by swelling out the active material as shown. 

Swollen negative plates always show that just previous to the over 
discharge the negatives had been fully charged, otherwise the over discharge 
would not have made them swell but buckle and crack. 

The cell was later allowed to stand for some time in a fully or partially 
dtsdiarged condition during which time the sulphate inside and on the sur- 
faob of the plates turned white. This was followed by a recharge whkfa 
broke up the white sulphate within the plates, but the sulphate on the 
outside of the plates was thrown ol! and settled to the bottom of the jar 
making the thin layer of white suli^te shown just on top of the seal^ 
compound. 

The above recharge and subsequent recharges were given at a high rate 
especially at the lini^ when the rate should be low. This high rate at the 
end of charge caused the cells to gas hard over a long period thereby throw- 
ing down the deep layer of brown positive sediment. This hard gassing is 
further shown?, by ^ mossy depodt on the tops of the negative plates. 
This excessive amount of gas coming up through the separators in the 
grooves next to the positive plates washed some of the ^active material 
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from the positive plates. This upward circulation canied some of 
po^tive material up above the plates. It could not settle on the tops of 
ths^ positive plates because of the upward circulation at that point, but the 
material went over the tops of the wood separators and settl^ on the tbps 
of the ne^tive plates where there was no circulation, and as soon as this 
loc^ positive material touched the tops of the negative i^tes, it was con- 
verted into spongy negative material as shown. 'V^eneverthemisamossy 
deposit on the tops of the negative plates, it indicates that at some time 
the battery had been made to gas hard. 



fto. 1,687.— Dtagram illustrating prindpie on which a storage battery is charged on a Ttiogar. 
In opmvtion, one cycle of half wave rectification is shown. On the upper half of the cycle 
when the transformer voltage exceeds the battery voltage as at A, the bulb anode beoovncs 
positive making the bulb conductive, and the charging current flows through the battery. 
When the transformer voltage falls below the battery voltage as at B, the bulb is no longer 
conductive and the charging current ceases on the lower half of the cycle the tranafotmer 
voltage adds to the battery voltage and siiice the anode does not become positive, the bulb 
t conduct the current. 

In questkm 11 it vas noted that the positive active matoial 
has b^gun to M out in lumps. 

Tbis indicates that the battery was again allowed to stand in an under 
char^ condition which allowed the sulphate to harden and further dis- 
charging caused the active material to begin to fall out in lumps. To con- 
tinue operating the cell as before, that is, to allow it to be ui^ chargedf 
over dischargv^ and rediarged at excessive rates, the active material 
would, in a short time, accumulate in the bottom of the cdl, If tihe cdl 
were given a long chargeat a low rate, the negative plates would be restored 
toa^k gray spongy lead and the positive plates to a dark brown. The 


Stottige Battery Tmabies i>0J 


cdl couM aflm^ be (dialled at XM}r^ Two or three yeaisinore 
sarvicecoddbeexpeeted. With proper care from now (m, the ceU can be 
made to give ten times the service it would have given under the prevkms 
method of operation. 

Capacity.— The capacity of a storage battery is the product 
of the current drawn from the battery, multiplied by the number 
of hours the current flows. The unit in which it is measured is 
the ampere hour. 

Numerous factors enter into the determination of capacity, principal 
among which are area of plate surface; quantity, arrangem^t ind porosity 
of the active material us^ in the manufacture of the plat^; quantity and 
density (spediic gravity) of the electrolyte used; and the porosity of the 
sepanitors. Temperature also plays an important part, and its ^ect on 
capacity is shown by the curve in fig. 1,728. 

Charging Charactoistics.— The charging characteristics of a 
battery have very little effect on the ability of a battery to 
perfomi a given day’s work, provided only that the battery is 
given enou^ charge. Violent abuse of a battery by improper 
charging may at first in no way affect the daily operatiem; in 
fact, the necessity for doing a day’s work usually results in the 
battery receiving enou^ or more than enough, charge to 
enable it to do the required work, if that be within its capacity; 
but the charge may be given in such a way as to materially 
reduce the life of the battery and yet this abuse be entirely 
unnoticed until after the damage has been done. 


NOT£.^The SA.E. standard hand book provides two methods of rating the capacity of 
farm lighting batteries; the oontinnous rating and the intermittent rating. The continuoue 
roifn# is the capacity in ampere hours of the battery when it » discharged continuously at thi 
eight hour rate. For instance, a battery having a capacity of 100 ampere hours at the eight 
hour rate will produce a enrfent of 12.5 amperes for a period of eight hours continuously, when 
diachatfed to afinal voltage of 1.75 volts per cell. The intermitteni rating is thecapadty in 
ampere hours whm the battery is discharged intermittently over a period of seventy'^two hours 
tp a Ml voltage of 1.75 volts per oen. Using the intermittent rate of discharge, the capacity 
ic npproghnatdy 40 per cent greater than that shown under the eight hour rate. 

KOTE.— 4Mted ctgaro, cigarettes, matches, candles or a dame or spark of any kind 
must never be allowed near the harmry while it is charging. 
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TEST QUESTIONS 

1 . Describe a storage cell. 

2. Name the different types of storage cell, and de- 

scribe each. 

3 . What is the comparison between the different types? 

4. How is the electrolyte compared? 

5. How should the acid and water be mixed? 

6. What is the density of a fully charged cell? 

7. How are connections made in charging? 

8. Describe in great detail the method of charging. 

9. What are the charge indications? 

10. What indicates the completion of a charge? 

11. What voltage should be used in charging? 

12. What is "boiling" and what causes it? 

13 . How are cells charged from 1 1 0 or 220 volt circuits? 

14. Describe the method of charging a new battery. 

15. What may be said with respect to high charging 

rates? 

16. Define ampere hour. 

17. How may the capacity of a battery be increase? 

18. How should a battery room be arranged? 

19. Give numerous points on care and management. 

20. How is the positive terminal determined? 

21. What is buckling? 

22. Give some causes of sulphation. 

23. Whit should be done in case of sulphation? 

24. What is the cause of lack of capacity? 

25. How are batteries taken out of corrunission? 

26. Give twelve rules for the proper care of batteries, 

27. What are the indications of proper and irnproper 

battery operation? 

28. Give seven causes of short circuits. 
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CHAPTER 44 

Battery Charging 

Charging.— Before b^^mning to charge a battery, it 

should be gone over carefully, and any cell that is not uo to the 
standard should be disconnected and put in working order 
bef(M« being replaced. 

In general, if the current used in charging be too large, it vfxll waste 



Fio. 1»688. — MeUsod of reading ammeter when the corrent is umteady. Owing to the imt> 
ularity of the exploaion in a hit-aiid-mi« engine, it ia almoat impoaaible to maintain a ateady 
reading of the ammeter, as the ammeter hand will swing forward at each impite of the 
engine and drop back until the next explosion. In this case, adjust the rheostat so that tha 
anqiefe reading will be equal to the charging rate. If the hand oscillate for in* 

staaoe, between 5 to 15. the ptrrent value is J4 (5+15) -10 amperes. 


eneigy by evolving an excess of heat and gas; if too small, an insulating 
deposit of white lead sulphate will be form^ on the positive ther^y 
pceventing the formation of the proper amount of lead peroxide. 


Object of CSiargiiig . — The acid absorbed by the plates during 
(Useharge is, during charge, driven from the plates by the chargjing 
eunent and restored to the eUetrolyte. This is the whole obfeet of 
charging. 
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Coniiectioiis for Oiar^i^l.— The dynanu) cable opn* 
eecUons may be made either befcve or aftor hUisg the oellsl In 
maldng these connections great care should be taken to be auie 
that the positive terminal of the battery is eonnected to the posi- 
tive lead iff the dynamo, and that the negative terminal of the 
battery is connected to the negative lead of the dynamo. 

In order to insure that the wrong connections are not made acddentally , 



1^. I«e89. — Dynamo eoimertioni for charging. Connect + to + and — to a« dam. ThU 
diagram tkows onlg the order in which dynamo is wired to battery, and not the protective 
devkee* such as switches, fuses, rheostats, etc. which should be included in the circuit. 

the dynamo leads should be tested by a pole tester, and the positive and 
negative poles marked red and black xeapectivdy* 


HDTE.--Ib determine thepoetUve wire, WitfacMst a vqtt meter, the poeitive tenufinal 
Of the ^Mrshig ciivait can be dctennfaied by attadilag a piece of cleeii leed to eech whe wMcb 
is to be oonaected to the bettery, Ond Immerring them, wtthout tooebiiig eedi other# in s 
•iimor other kwdating vemel oonbining water to viiidi la added a diop or tim of 
aeht A^terthcqatearthaapeaiedthrooi^thecircait fora ehortthne, the positive kwdwfli 
cO Bunence to discoior, and. If left long enough, will turn brown. Bidifatee wflt aifoe foosi the 
two ter mina te te wner aed# Uie larger and more freoueiit onae befog from the aegtthne# 
ee wdW once from tim^ p oe itfo ei 
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Tliepaladty of the dyaamo irim bdngttetenidMdi tiktfBttqr te joined 
to tiK proper tenninals by meaaa of aidtaUe danqw or 1^ aoUer. 

Wherever poeeitde the dynamo duidd be <tf the (hiect cur re n t, efaunt 
iround, or epedal compound type, but in caeea ediere only aHen m thu 
current can be obtained, atdtable nctifien or cooverten ehmdd be uaed 
for changiiic it to direct conrent. 


Cdl Cmmedioiis.— The cells may be connected together 
either tnserie»<nparaUd,orinparalM’$&rie$orurie$’paral‘ 
M cmbituaions, acooidii^ to the lequirements, but in all cases 
it is best to use the midest arrangement practicaUe. 



1,690.— Diasnun Uhiitimting method of chafiing with lempt in puiUd co direet c wrou 
ciiciiit. 

Pto. 1,091/— Diagnua iUuetratiBg method of chaigiiig with rheoetat on direct cment dseolt* 


For inetahoe: if the cells employed in an installation requiiiag UC 
volts, have only hall the capadly required, and 55 cdla give the de^nd 
vottaip, then ^ number of cdls must be inereeaed to 110, and theo* 
reticaHy tfaa required number of ampere bmin at 1 10 vdts n^ be obtained 
in one two ways: 1, by coonecting the odia in pain in paralld and 
tiien ooiqiBng the pain togetber in eeiiet, and 2, by mnm|^ dm 110 
cdla in two complete batteries of 55 cdls each* connected in aerka. then 
oocqiilGing tfae two batted in paralM. 

The first mtHiod is quite impracticable, however, at dw digbfoat tfSer* 
eaoe between die vottagea (d the two odb of any pair wfil reeidt in the one 
having the greater pteaeure diachaiging into the ctiier, therciqr eanaing dm 
eadn battery to qtdddy dateiiocate. 
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^lefl. Hov should s bsttery be chained for the flrat tfane! 


Ans. It is essential that the current be allowed to enter at 
the positive pole at about one>half the usual dialling rate pee* 
scribed, but after making sure that all necessary conditions 
have been fulfilled, it is possible to raise the rate to that pro* 
loribed by the manufacturers of the battery. 



Fli», 1,602,— CtmnectiOQt aad current required for charging two hatteriae M aerlMfe 

1,693^— Connectione and current required lor charging two battariae In jg ... - 

tlba current conditioneindicatad in the illoBtratioo obtain only when the batteriee are hi te 
eaaee condition ae to charge. Ofoouree the actual cunantpaeiing through each batiaiy wBl 
depend upon the reepectiva battery iroltage and charging wdtage. 
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Fta* 1.694.— Charging aevanl batteries. rAaostafIc tonfroU The Heye me fieti t 
affics. The current flows from the poeitise wire of the emrcut supply, into the posiHee teemimui 
of the fleet tray (in this com oh the right); through the poaUise emd out ike negatise of each 008 
and each tray in turn audreturns to thecurrent supply from the negatise of the last cell. Thowok 
meter ii connected between the resistance and the tattery in order to show 
boUery soilage* 

Pro. 1,61S.— Discharging several battalias; vatar rhaoatmi eontroL 
The flow of the currant is regulated by moving the lead plates back 
and forth in the water. Moving the plates apart will decrease the 
cunent. while moving them together* or adding a little more eloD- 
trotyte, will increase the current. At all timea during the disdiarge 



gnat cam must be taken not to allow the {dates to get near enom^ 
togsther to totadi. The trays are connected in aeries. Upon dosing 
the switch, current flows Am the positive of the fiiat tray, throng 
the switch toonesideof the water renstanoe; through the addulatisd 
water to the other roaiatanoe plate and beck thro^ the ammeter 
and switcli to the negative of the last tmv. 



Battery 


l,2|4 

Ones. What is the nsud period for chargiBg a nev batt^? 

With several of the best knovm makes of storage bat* 
tor^ the jarescribed peru)d for the first charge vbties between 
twenty and thirty hours. 

Ones. liow is the electrolyte affected by the first charge? 

Ans A change of specific gravity occurs. The specific grav* 
ity ^ould be about 1.150 when the solution is poured into the 
cells. 



1,696.— Diacram Ulustrating method of charging storage battery of stationary gal engfake 
igntHosi tystcm; the system is simple to Install and will give satisfactory reaulti. 
tconge batteries are used, one being charged while the other is operating the sparking coil. 
Where charging qirrent Is avail^e at the poi^t where tlie batteries are used, the 
diagram abowa the system of conneclkins, wbidi can be easily followed. A, r^-prescnta the 
source of charging current and B, the bank of lamps (or other resistanoe, such as an ordinary 
rheostat) atifBdent to cut down the ^rging voltage to that required by the bsttery. C 
and D, are two double pole double throw l^fe awitchea connected at their hinges to 
bitterim £, each consisting of a group of cells. G, represents the leads to the sparking 
kig coil terminals. From the diagram, it wUl readily be teen that by throwing theawitches 
in opposite diiectkaii one battery will be diarglnf while the other battery is diecharging to 
^ engtoe, thus giving a constant source of siqiply, and insuring that the spore battery w91 
in lua and ready for service by the time the other is diachaiied . 


At the oompietkn of the fint charge. It should, on the aaine scale be 
noat 1:225. If it be bhdKr dan t^, water diould be aiUed to tite 
aotation until the proper figure is reached, if it be lower, dilute eukibinlr 
acid ehoidd be adM until the hydrometer r^fisters 1.225. 
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At the fiiBt charging of a cell, when pressure has readied the re^ 
quired limit, the cell should be discharged until the vdtage has Men to 
«^ut two-thirds normal pressure, when the cdl should again be recharged 
to the normal vdtage (2,5 or 2.6 volts). 



1»699.— ^anen Bndtay battoy Ghargmg pood, doigned for cxmtroUing the charging cur^ 
rent of starting, lighting andignition'batterieawhencliarged from d.c. circuits, tnoptration 
the if.c. feeder is ooniiected to the line switched the panel. Fifteen ampere fuses are furnished 
in the fuse Uock, and the hattertes to be diarged are connected in series with each other. One 
end of the battery line is connected to the fuse block and the other to the graphite disc rheo- 
atat. The line sv^h of the pand is then dosed, and the hand wheel of the rheostat is dow^ 
turned in a dockwiie directim. This causes n drop in resistance and the charging current, 
an indicated by the ammeter on the pand increases. The diarging current is steplAedy 
advanced to the deeired value, and the batteries are then left undisturbed until chvged. 
If additiond batteries be added to the circuit, or batteries be removed from the ckcuit, the 
dwrupngcurrent can be reset to the deeired value by turning the hand whed. 


NOTB.*-€7lMnylitg rafee. In selecting the dae of battery to give a oertain diediarie 
rate, cere eboiild be taken that the dynamo is large enou^ to charge the battery at a rats 
not lower than the normal eight hour rate. In the case when two hdvea of a hettery aia 
«iiaiiadfepandldeadihaUtakingthenonaalnue,tbedyiiamoimi8thaveacurrentcapao- 
tWdbuble that at which each half la to be charged. Moreover the dynamo should have cap- 
adty to chatge the battery accaaionally at a hi^faer rate, ea this not only haprovea the coa* 
^UMOf the cella, but penmte a shorter charging period. 
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The manufacturers of a well known cell of the Plante genus prescribe 
for the first charge, half rate for four hours, after which the current mgy 
be inaeased to normal power and continued for twenty hours suc- 
cessively. 

Quee. What strength of current should be used in charging 
a cell? 

Ans. It should be in proportion to the ampere hour capacity 
of the cell. 

Thus, as given by several manufacturers, the normal charging rate for 
a cell of 40 ampere hours should be five amperes, or bne<eighth of its 
ampere hour rating in amperes^of charging current. 



Fiq. 1,700. — ^Alten Bradley unit charging panel for starting, lighting and ignition batteriea. 
In operation the charging circuit is closed by throwing the charging switch cm the left side 
of the panel, upward. At the same time the underload circuit breaker, on the right mde of the 
oanel, must be dosed. The circuit is then complete, and the charging current to the bat- 
uies flows through both the fuses and the rheostat which is mounted in the center of the panel, 
o determine the charging current, the switch handle on the left side of the panel, ia mcvved 
pward about an inch. This action automatically connects the ammeter, at the top of the 
ffitch board into the charging circuit. While holding the switch in this position, the battery 
oan can adjust the charging current with the rheostat hand wheel, to any desired value. As 
joon as the correct value of charging current is obtained, the battery man takes his hand 
from the charging switch, snd it automatically drops back to the normal positkm whkh 
removes the ammeter from the circuit. In other words, the ammeter is not connected into 
the dunging circuit unless the battery man purposely lifts the charging switch handle up- 
ward, and holds it there. With this arrangement one ammeter win serve a number of unit 
charging panels, since it can be connected into any drcuit by simply lifting tbe haiidls of 
thi^ proper chargingswitch. 
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^es. What riioold be the Tidtage et flie ehai^(faig ean’eat 
heiore closing the diarging dreatt? 

Ans. The voltage should be at least ten per cent, higher 
than the ncamal voltage of the battery when charged. 

Qnes. What indicates the completion of a diarge? 

Ans. When a cell is fully charged the electrolyte apimrently 
bdls and gives off gas fi^ly. The completion of a charge may 
be determined by the volt meter, which will show whether the 
normal pressure has been attained. 

Ques. How should the voltage be regulated during the 
&’8t charge? 

Ans. It should be allowed to rise somewhat above the pomt 
of normal pressure. 

Ques. How often should a battery be charged? 

Ans. At least once in two weeks, even if the use be rnily 
slight in proportion to the output capacity. 

In charging a storage battery, it is essential to remember the fact that 
the normal charging rate is in proportion to the voltage of the battery. 

Thus, a 1(K) ampere hour battery, charged from a 110 volt circuit at 
the rate of ten amperes per hour, would require ten hours to charge, and 
would consume in that time an amount of electrical energy represerited 
by the product of 110 (voltage) by 10 (amperes) which would give 1,100 
watts, or 1.1 itv. 

. Ques. If in charging a battery, one or mwe td the cells 
do not boil at the completion of the charge, or fail to show Qte 
Woper voltage^ what should be done? 

Ans. The changing must be cratinued until die cadmium 
test allows the required voltage, but if the proldngmg of the 
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duu^e be liable to damage tte {dates in the otter odls, Ite de* 
fective cell or cdls should be cut out of drcuit aiten the battery 
discharges and then placed in circuit again when the battery is 
rediarg^. If the desired result cannot be attained by this 



Fkci6. 1,701 and 1,702.— Method of makins a cadmium test. Fig. 1,701 , testof positive plateii $g. 
I,702te8tofnegativeplate8. When astriporrodofcadmiumisplacedacrQssthetopof the platai 
in a ceil and properly insulated from them, there will be a difference in premure bet*eoa 
the positive ^tes and the cadmium and between the negative piates and the Cadmium, the 
diffcxenoe between these two readings being equal to the voltage of the cell. In a nomid 
cell there is a well defined relation between these readings, both on charge and dncharge, aad 
any appreciable variation is an indication of irregularity of actkai of either the pooitive or 
negative plates, according to which reading shows the variation. Thd positive cadmium 
feeing will normally range from about 2.15 volts down to 1.95 vdta during a discharge at 
the ei^t hour rate, and from about 2.20 vdta up to about 2.50 vdta during a charge. The 
lunge fior the negative cadmium reading is from about .15 vdt at the beginning of fhe die- 
Chntgeteabottt .BOvdtattheend. During charge the range is hum about .15 vdt to -.20 
volt (JO vdt leveraed polarity) with new or nearly new plates; as the pl m mage, the raiding 
at the end of chane diminiiihca until at faUe to about aero \ dte. 
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metiiod, the plates which require additional charging may be 
charged in a separate cell. 

^es. How is the cadmium test made? 

Ans. A plate of cadmium is mounted in a hard rubber frame 
and immersed in the electrolyte. 

The test consists in taking voltage readings between the cadmium plate 
and the positive or negative plates of the cell. During charge the cadxduro 
plate reads negative to the negative plate, until the cell is about full, when 
the reading should be zero; the charge should be continued until the cad- 
mium reads .2 volt positive to the negativt while charging at the normal 
rate. 


F^o. 1,703. — ^WeutenhofF cadmium test meter. Daatgned to give the open voltage of a cell and 
the reading positive and negative plates to cadmium, 

Qnes. Name some portable instruments that should be 
provided for testing batteries. 

/ 

Ans. 1, a hydrwneter syringe (specific gravity tester); 2, an 
add testing set (can be used instead of the syrii^e); 3, a low 
reading volt meter; 4, suitable prods, and 5, a thermometer. 

MOTE.— 7V> maka a **€admium atiek^*’ Take a cadmium rod about 6 ins. long and 
about K in* in diameter. Insulate rod with rubber tube perforated with a mnnber of hi^ 
in; in diameter. Solder to end of cadmium rod a copper wire long enou^ to reach idl 
cells and atUch handle. 
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Qaes. What ^eeantion dionld be taken in char^bi^ • 
battery? 

Ans. Care should be taken not to have a naked flame any* 
where in its vicinity. 

To either charge or discharge a battery at too rapid a rate invrdvea 
the gennation of heat. Thus, while this is not liable to result in a flarae 
under usual auiditions, the battery may take fire, if it be improperly 
connected or improperly used. 

^nea. What is the effect of varying the charging current? 
Ans. In charging a storage cell, particularly for the first 



fta. l.TM^Wefctenhoff eell tester; view rimwing operator taUiiK open voltase otf leadiac. 
It iff tiNful io chcckinK the vcdtage of batteriffi while on the cfaurging line* 

time, a weaker current than that spedfied may be used with 
the same result, iMx>vid^ the prescribed duration of the charge 
be pmpmrtionally lengthened. The battery may also be occa- 
sumally diarged beymid the presoibed voltage, toi or twenty 
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per> cent, overcharge causing no injury, althoui^ if frequently 
repeated, it shortens the life of the battoy. 

Charge Indications. — The state of the charge is not only 
indicated by the density of the electrolyte and the voltage of the 
cell, but also by the color of the plates, whidi is considered by 
numy authorities as one of the best tests for ascertaining the 
condition of a battery. 

Ques. What are the colors of the plates? 

Ans. In the case of formed plates, and bef(M?e tl» first 
charging, the positives are of a dark brown color with whitish 
or reddish gray spots, and the negatives are of a yellowish gray. 

The whitish or reddish gray spots on the positi^ plates are small prides 
of lead sulphate which have not been reduced to lead peroxide during the 
process of forming, and represent imperfect sulphation. 

As a general rule, the first charging should be carried on until these 
spots completely disappear. After this the positive plates should be of 
a dark brown or chocdate color at the end of the discharge, and of a wet 
slate or nearly black color when fully charged. A very small discharge 
is sufficient, however, to change them from black to the d^k brownor choc* 
olate color. 

If the battery has been discharged to a pressure lower than 1.8 volts, 
the white sulplrate deposits will reappear, turning the dark red color to a 
grayish tint in patches or all over the face of the plate, or in the form of 
scales of a Venetian red color. 

The formation of these scales while charging indicates that the maximum 
charging current is too large and should be reduced until the scales or 
white deposits fall off or disappear, after which the current can be in- 
creased again. 

During charging, the yellowish gray color of the negatives changes to 
a pale slate color which grows slightly darker at the completion of the 
charge. The color of the negatives always remains, however, mtich 
lighter than that of the positives. 


OHM. How are the best results obtidned iu ehargbic? 
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Ads. The rate of diarge should be normal, except in caeee 
of emei^^ency. 

At such a rate, unless the constant voltage method be employed, the 
cdl may be considered full when the volt meter reads 2.5 volts durmg 
charge. The electrolyte should be kept at uniform derr^ty throughout 
cell; when water is added, because of evaporation, it should be ad^ hy 
means of a funnel readying to the bottom of the cell. Care dundd be 
taken never to add acid after evaporation; otherwise die electrdyte will 
be too heavy. Hydiximeterreadirigs should be taken regularly; the reading 
is an excdtet indicatkm of the amount ol charge in the lottery. Hy* 
drcmeter readings are useless, however, unless the precauti(m be taken to 
keep the electrdyte of uniform denaty. 



Ques. What voltage should be used in charging? 

Ans. At the beginning of the charge the voltage should be 
about 5 per cent, higher than the normal voltege of the battery, 
unless the latter has been over diadiarged, in which case the 
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difference of pressure should not exceed 2 per cent., otherwise 
the current might be too large. 

Ones. &i what two ways may batteries be charged? 

Ans. They may be charged either at constant current w at 
constant voltage. 

Although the latter method is considered the better one by many au- 
thorities, it is a fact, nevertheless, that if the charging current be normal 
at the beginning of the charge, and no means be provided for keeping it 
constant, it will diminish as the charpng progresses, thereby greatly in- 
creasing the length of the time required for charging, and resulting in 
serious injury to the plates. 

* 

Qoes. How may the charging current be kept constant? 

Ans. Its voltage should be gradually increased, first to 
about 10 or 15 per cent, above the voltage of the battery, and 
kept at that point nearly to the end of the charge, where in 
consequence of the rapid rise of pressure in the battery it might 
beomie necessaiy to increase the voltage of the ciurent to 30 
or 40 per cent, above the normal of the battery. 

Ques. What tests should be made whOe charging? 

Ans. Occasional voltage and cadmium readings of each cell 
^uld be taken for the purpose of ascertaining their conditirm 
and the behavior of the separate plates. 

Ques. What tests should be made after charging? 

NOTE.^Congfanf toltaga method of charging. In this method the wUega is 
tmnsd at a eanstant fixed vaiue per cell. The value of the initial, or starting current, dt a com- 
pte^lK discharged battery, when first put on charge, is much in eicess of that of the normal 
rate^ During the charge, as the voltage of the battery gradually rises, the back pressure or 
battery voltage causes the current to drop to a value much below that of the normal rate and 
at the end of the charge is usually below that of the finishing rate of the constant marrent 
eyslem. The average valueof the current is adjusted so as to be about ec{ual tO that of the 
normal rate. In practice the pcesiure at the bus bars may nutge from 2.5 to 3.7Svtdts per cell. 
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Am. cell diould be tested with a low reading volt 
meter and h3rdroineter about once a week. If any cell read low, 
it diould be cut out and examined to see if any material has 
been introduced which would cause a short circuit. If this 
trouble do not exist, the cell should be given an indepradoit 
diarge. 

The fomation of these scales during charging indicates that 





FVa. 1,706.*-Ciicuit f« iiiodited ooMtBiit p a mm iwtliod of Ctergiiig ai Mggoitid by the 
Buitau of Standardt. 


the maximum diarging current is too lai^ and should be re- 
duced until the scales or white deposits dimini^ or disappear, 
after whidi the current can be increased again. 
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Qdm. Describe the beharior of Ibe derirolyte during dto> 
dtfirge. 

Ans. There is a definite change in the denrity of the dectro* 
lyte for a given amount of discharge. 

The density of the electrolyte is, therefore, one of the best indicatkms 
of the state of charge, provided, of course, no internal discharge due to 
local action take place. If, when the cell is charged, it show a density 


VARY RAT£ CONNECTOR 



Vtm* 1,707 to l,70dw««4I. B. battery charglns oonnactiom. Fig. 1,707, fegidsr kad; fig* 1,706, 
nvcy t«te odOMPter; fig. 1,709, alow rate dip. 

ot 1.200, and vfaea disduuged 1.130, the difference .07 r e p r eeeg ta tlie 
total ciiam. If at any time the density be 1.165, then just one half tbe 
aiBoant of capacity has been taken from the cell . 

It is necessary to stir the dectzdyte well, in order for theae cfoaersationB 
tobereliaUe. 

If the ttodaife has taken jdaoe at a high rate, the cell nturt stand for 
n hoar or nMNre before the electiKdyte irili oompfotely diffuse to tiiat tlw 
dtooity reaifiagi ate oomet. 



Bxttfitf Chat^g 

Qom. Ddbe flie term 

Ans. Boiling means the rai^ evdutkm oi gas idiea a odQ 
is nearly charged. 


Ones. What causes bcrfliBg? 



Fni. 1.710.**-BBtterychai^gbendiwiihlwBteii«idooiiiiectioiM motur dynamo dm ih 
ingukilt. Tbochiuginf unit conabm of a oomblimtiond.g. or O.C. motor and dynamo 
on tha aame ahaft. The dynamo ia wound to supply cuntnt at a ouitabla vottafs Idr tin 
iiryiosm(ittiredaiidthed.c.oro.d.motarfQr the voltage of the aupfdyainent. l^avaidi 
the eonaidarable torn due to placing leaistanoe in the form of itaoitat or lamp bank in fha 
dreujtt o obtain the oomiderable leductioo of proniite required when charging for lighting 
ctocuim 

Ans. Themnountof su^iibatetobeooanmrtedtotopeinxiide 
becomes leas and less as the c ha ns fmeresses and the {dates 
themlore become viitually snmller, so that the current becomes 
too huge for the woiic demanded of it. The result is, that 
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part of the cturent not actually used in the fonnatioa of pmsdde 
decomposes the electrolyte into its constituent elements. 

Ques. What may be said of charging a battery as qidddy 
as poasibie? 
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IJll.— Hobart motor dynamo charging imit for three wire circuit with attadied instni- 
nent panel. The double throw volt meter awitch in position shown connects volt meter 
with neutral and positive bus bars; when thrown to left, it connects with neutral and negative 
ban. 


Ans. As a ^neral rule, such a procedure should not be 
adopted unless the battery be thoroughly discharged. 

Qnea. What precaution should be tidren? 

Ans. The danger to be avoided in rapidly charging a cell is 
its tendency to heat. 
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Ones. What an^tos ia neeeaauy In charts a battoT? 

Ans. The battery may be charged from direct currait «mm™> 
having the pr(^ voltage. A current as near unifcxnn as pos* 
sible is required, and existing conditions must be met in eadi 
separate case. Sometimes a motor dynamo set with a rq^ulat- 



Fio. l,7U.--G«Deral Electric half va\^ Tungar bulb of Tungar battery charter. The naiaa 
Tungar applies to a hot cathode gas filled rectifier and has no particular significaiice. frfn- 
elpls/ a vacuum fube cvntaimng a M and ooU electrode acis as a rectifier^ that is, it chaagea 
alternating current into direct current. In the Tungar bulb there is argon, an inert gas, at 
low pressure, which is ionised by the electrons emitted from the incandescent filament. This 
Umimd gas acts as the principal current carrier, with the result that the bulb operates with 
a very Idw voltage drop (of 3^ volts) and is capable of passing a cunent of several am* 
pares, the current limit depending on the design and sise of the tube, in eonetrueiiont 
the cathode (lower cathode) conaists of a filament of small tungsten wire coiled into a cloiely 
wound spiral, and a graphite anode (upper electrode) of relatively large cross section. 


ing switch board is used. Such an apparatus omsists of a 
dynamo, driven direct from the shaft of a motor, which, in 
turn, is enorgiaed by current from the line circuit. 
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> With a direct current on the line, a dynamo may be used; but widi an 
alternating current, an induction motor is requir^. The speed of the 
motor is governed by a rheostat, and the output of the dynamo is 
thus reinilated as desired. 


Oiargiiig Through the Night.— If an autoxnobile, after a 
iate evening run, is to be used in the morning, the battery 
may be diarged during the nis^t Vnthout an attendant being 



present; but 
in doing this 
great care 
£ must be 
taken not to 
excessively 
over charge. 



Fn, 1,713.— Oeneral Elaetric tea bsttenr Tungar duoger. parU are.* A. triple 
map switch which controls both c.c. lines end one dx. line; B, dx. amneter; C, fifteen point 
dial awiteh giving duvgmg current adjustment in email steps; 0,*steel casing: C, reactance 
coil, or tiecuical governor of the charging circuit; F, Tungar bulb which changes the alter- 
patiog current into direct current; Q, auto transformer. 


A careful estimate of the amount of cutrent required shoukl 
be made and the rate of charge based on this estimate. . 

aay, 72 ampe« hours be required to recharge, and the time availaUe 
be hours, toe average rate of charge must be 8 anqsens. 


BMitery C hargi ng 1^1 

U clitisiBg firom « nO-voii ofcuit, the nte at the ttttrt 
10 anqpera; if from a SOO*voIt cuvuit, about 9 ampcRs; as, in 
from a somoe with oamtant \ultage, sudi u a UgMiig or trolley cfrciilt. 
the nte into the battery will frU as the diaiige progresses. TUe *Vo 



n^l,714.— Diiiniit ebowiat eo niwc tl i— of CtiMnl Ehetiie ‘Dattr bilf wave netUir ia' 
m tfanpicit form. Thg partt thown «r»r A, anode; B, T^mgar bulb; CD, Moondaiy at 
tmufemen f, filament catliode; ft, ibeoiUt. AaMming an imumt when the tide C, of the 
wtcniating current eupply ia positive, the current foUowt the direction of the arrowe throng 
TO kMd, rheostat, bulb and back to the opposite aide of the o.c, line. A certain amount of 
TO «.c. of course goes to excite the filament, the amount depending on the capacity of the 
tidx. In act^ly designing the rectifier outfits the rheostat is omitted and the regulation 
mtirely obtained by means of a Cs^mpensator, with which is combined the filament trana- 
former, and a reactance. When the a.c. supply reverses and the side D, becomes positivs 
thecurmt is prevented flowing for the reason before mentioned. Inother words, thecunaBt 
IS pemulted to flow from the anode to the cathode or against the flow of emitted elsctrani 
from the cat hode, but it cannot flow from the cathode to the anode with the flow of alectraw. 

NOTE.— ruitgor r^eroflon. This rectifier is operated by means of a snap switch in the 
np^ left-hand corner (see A, fig. 1,713) and a regulating twitch in the center (C* figi 1,713). 
mfors irtarthig the apparatus, the regidathig switch should be in the ^'low** podtioii. The 
Thf^ is now ready to operate. Turn the snap switch to the right to the **oii*' positioo, and 
the bulb will light. Then turn the regulating switch slowly to the right; as soon as tha battsrka 
oommence to charge, the needle on the ammeter will indicate the chaigiiir cuneni. Thiscni^ 

TOt may be adjusted to whatever value is uesired within the limits of this Tbngar* Thsnonsat 
ohsiging rate is six amperes, but a current of as high as seven amperes may bs obthhiid withcmi 

greatly inducing the life of the bulb. Higher ehaii^ ratee reduce its life to a conildsraMsag- 
tent. Lower rates than normal (six amperes) win increase the life of the bi^. Turn the snap 
mtch to the **off'* position when the chaiiing of one battery or of all the betteries is coefe 
pfeted, or when It » desired to add mors bettcries to thecharis. thsTongarshoi^beofisrafed 
^ by the snap switch and not by any otho* exlcmsl twitch in either ttns or batteiy cMls. 

wtai the snap twiudi is turned, the batteries wm be diKomeeted the su^y tins, eetf 
then may be handled without danger of ahock. Inimsdintaiy niter turning theam^ switch 

nm the regulating handle heck to the *'lew**poBicioii« This preventa any damage to tha both 
TOi the dial twitch being in an Itnpitgier poeiOon Im the nnnbar of iMrttarias nsni 
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applies if the charging be done from a mercury arc rectifier without at 
tendmoce. 



F^os. 1»71S to l,717.--Connection8 for batteriep and Tungar charger. Fig. 1,715, two drcuifi 
80 oeila per circuit 6 amperes; hg. 1,716, one circuit, 30 cells capacity, 12 amperes; 6g. 1*717, 
' I parallel, 15 cells at 12 amperes in center circuit, 30 cells at 6 amperes in outside cineuit. 

NOTE.-^A Tungar charger will operate successfully at as low as one or two ampeiea, 
and up to seven amperes on either circuit, and up to 12 or 14 amperes on both circuits. It 
only one battery be operated at one time, on one circtut, it may be necessary to use an eatemal 
resistance to obtain as low as one or two amperes. 

>ifOTE.— ^ Tungar will stop charging if there ha an interruption of the sujsdy voltage, 
but damage cannot result at the battery will not discharge throu#i the ouUAt, Charging w^ 
immediate commence upon resumption of the supply V^tage. 
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Ques. ymai preeavtioiig ahoold be taken in a 

battwj oirt an automoUle? 

Ans. When a battery is being overhauled, the cells must be 
connected' together m series and to the charging source in xela* 
tively the same manner as if they woe in the vehicle: that is, 
the positive (+) terminal of one group of cells must be con- 



F'ig. 1,718.— General Electrk: aingle phase tnei 
glass vessel containing two anote AA, one 
quantity of mercury. 


nected to the negative (-) 
terminal of the next group, 
and the two hee terminals, 
one positive and the other 
negative, must be omnected 
repectively to the positive 
and negative terminals of the 
charging circuit, but not 
until all of the groups have 
been connected in series. 

If the cells be provided with 
formed plates and not chai^ged, 
the jars should be filled with the 
proper electrolyte, and then 
charged for at least 10 houiB 
steady, or until they boil, then 
they may be discharged. 

In the case of unformed plates, 
the charging should be from 30 
to 40 hours, until the cells boil, 
and the plates assume their pro* 
per color. 

y arc tube. It conMitU of an eKhauated 
.bode B, a starting anode C, sod a 8niii]| 


Ques. How are small cells easily charged from IVh or 220 
volt drcoits? 

Ans. This may be conveniently done by inserting in one of 
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1,719. — Connections of General Electric mercury arc rectifier. At the instant the termintl 
H, of the supply transformer is positive, the anode A. is then positive, and the current estt 
flow between A and B. Following the direction of the arrow still further, the current passes 
through the battery J, through one-half of the mam reactance coil £, and back to tile nega- 
tive terminal G, of the transformer. When the impressed voltage falls below a V'alue sufficient 
to maintain the arc against the reverse voltage of the arc and load, the reactance £, wlddi 
heretofore has been charging, now discharges, the discharge current being in the same direo- 
tjon as formerly. This serves to maintain the are in the rectifier tube until the voltage of toe 
supply has pas^ through sero, reversed, and built up such a value as to cause the anodo A, 
to have a sufficiently positive value to start the Sre between it and the cathode B. The toa^ 
charge circuit of the reactance coil E, is now through the arc A^, instead of , tbrou|^ Ite 
Itainer circuit. Consequently the arc A'B, » now supplied with current, parUy from the 
transformer, and pertly froih the reactance coil E. The new circuit from the tranUbcnisr Is 
nKflCsted by the arrows enclosed in circlee. 
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the charging leads an incandescent lamp or lamp tank which 
will pass the required quantity of current. 

If the current required be as large as 10 amperes^ a suitable resistance 
or 10 lamps in parallel, each passing one ampere, may be used. Great 
care should be taken to see th^t the battery is connected properly. 



F^. -Wirwig diagram for charging one to twelve 6-volt batteries from 110 volt but. 

With this egiiipiDcnt regulation of the current through various numbers of batteries is ob- 
tained by meana of the switches. Instead of lamps, resistance mils, of approximately 3$ 
ohms resistance and 3.3 amperes capacity each may be used. This equipment will oocupy 
less space than the lamps and serve the same purpose, each resistance unit repiacing two 
lamps. Instead of either a tamp resistance or unit resistance panel, a special form of rheastai 
may he However lamps arc advisable where the light for some may serve for illumt- 
nation, otherwiie the eiergy spent in heating the resistance is a total loss. Accordingly, 
where lighting is not requM. avoid resistance as much as possible by connecting the bat- 
teries so that their cembined voltage will almost equal that of the louree. 

IMdde Charge Method.'^When a number of batteries are 
to be held in yiet storage, the most satis&K;tory re^ts can be 
(Stained by dhorging ccmtinuously at a very low rate, wfaidi 
is so low t^t gating is avmded and yet ^ves enom^ diarge 
to nimntain the batteries in good co^tkm. This diatge is 
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termed a trickle chaise, and in many cases vnll be found mme 
convenient to arrange for than the periodic diarge. It has tl» 
added advantage of keeping the batteries in condition fcnr put* 
ting into use at any time on short notice. 

In giving batteries a trickle charge: 

1, Give a charge until all the ceils are gassing. 



ta . 1>721 to 1.723.-— Charging through bank of lampa on 110, 220, and B50 volt ctxctiii. 


2t See that the vent plugs are in place* 

3. Connect an approximate resistance, such as a proper size in 
series with the cells, across a charging system adapted for continuous 
charging. Fig. 1,724 gives an example o{ connections for trickle dwge. The 
charging should be checked periodicaliy ahd lamps changed if required until 
it is certain that the system gives neither too much nor too little diarge. 
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Fia. 1,724 —Trickle charge. When a numberof batteries are to be held in wet atorage. the xnoei 
satisfactory results can be obtained by charging continuously at a very low rate, which is so 
low that gassing is avoided and yet gives enough charge, to maintain the batteries in good con« 
dition. This charge is called atrickieeharge md inmany cases will be found more convenient 
to arrange for than the perodic charge. It has the added advantage of keeping the batteiim 
in condition for putting into xva/e at any time on short notice. To epplif triekh ehargtt 
1, give bench charge; 2, Connect a tungsten lamp or lamps of appropriate resistance, in aeries 
with the oetlsp across a charging system adapted for continuous charging. 3, Every two 
months interrupt the trickle charge, remove filling plug, add water to bottom of filling tubes, 



replace and tighten filling 
plug and continue trickle 
charge. 


Fro. 1,725.— General £lec<* 
tnc Tungar trickle charg- 
er for charging radio k 
battery. Capacity suf^ 
ficient for 6 or S tube sat. 
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With pn^ rmstmct, the specific gravity vdll remain practically constafit 
(with^ 10 to 15 points if level of dectrolyte be kept the same hdght) and 
the cells will not be gassing. If the cells gas continually, the batt^ is 
receiving too much dmrge. If the gravity continue to dr(^, the battery in 
not receiving enough charge. 

4. Every two months add water to the proper level and replace the vent 
l^ugs. 


Periodic Charge Method.— This is a method of wet storage 
in which the batteries are given charges periodically, and is 
used where it is not practicable to arrange for the trickle 
charge method. 

1 . Give a charge until all the cells are gassing. 

2. Store in a dry, clean location and keep the temperature above freexSng 
and below 110 degrees Fahr. 

3. Once every two months remove filling plugs, add distilled or other 
approved water to the proper level, replace and tighten vent plugs and 
charge until all the cells are gassing. 

4. Before putting batt^ into service, add approved water and charge 
until all the cells are gassing. 


Lamp Calculations for Charging. — ^To determine the proper 
size of lamps: 

1. Find out the voltage of the charging circuit and the number of cells 
to be charged in seri*^; for example, 100 volt circuit and cells in series. 
If a rectifier be used for charging, the voltage should be that obtained with 
a d.c, volt meter, and while the battery is connected in circuit. It should 
be measured at the d.c. terminals of the rectifier. 

2. Refer to one of the accompanying tables, the first one for 115 volt 
lamps and the other for 32 volt lamps. For example, in the first table the 
100 volt column meets the 24 cell cross column at 215 watts. Thismeansa 
215 watt, US volt tungsten lamp in series with 24 cells across 100 vdta 
would allow approximately 1 ampere charging rate at end of charge. 
The rate at the ^ginning of charge would be somewhat higher. Combina- 
tions of voltage and cdls not shorn m the tables can be approximated by 
proportion. 
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3. In the accompanying rating table (for Exide batteries) find the charge 
rate for the type and size of cell to be charged. For example, 6 amperes 
if the 24 cells be type XC-13. If cells with different charge rates are to be 
dharged in series, use the charge rate of the cell having the lowest. 

Multiply the watts, obtained in item 2 by the charge rate obtained in 
3, For example. 215 watts multiplied by 6 equals 1,290 watts. 
The size of 115 volt tungsten lamp to use then is the nearest available 
commercial size to 1,290 watts. A larger size will allow a higher charge 
rate, and a smaller size a lower charge rate. Where the calculated watts 
and the wattage of the available lamps are considerably different, sufficient 
lower wattage lamps in parallel can be used, the sum of the watts of the 
different lamps being approximately equal to the calculated watts. For 
example, to obtain 1 ,290 watts, five 250 watt and one 40 watt lamps, all in 
parallel, may be used. The voltage rating of the lamps must be the same 
however; 115 volts in this example. 

RATED WATTS OF IIS-VOLT TUNGSTEN LAMPS 
(To Give 1 Ampere) 



Charging Circuit Voltage | 

7.35 

14.7 

30 

40 

50 

75 

100 

115 

125 

•s 

e 

JS2 

6 

1 

HQ 

440 

270 

225 

195 


125 

11,5 

110 

2 


ilTtl 

285 

235 

200 





3 


620 



205 

160 

130 

120 

115 

6 



385 


230 

170 

135 

125 

120 

12 




500 

325 

195 

155 



18 





800 

260 

175 

155 

140 

24 









160 

42 






■B 

BB 

485 

320 


a. If a rectifier be used for charging, the wattage obtained in item 4 will have to oe 
increased 25 to 50% . This is because the cm rent obtained from a rectifier is pul- 
sating and not steady as frmn a dynamo. 

b* If the lamp resistance is to be used for trickle charging, divide the wattage obtained 
in item 4 by 50. For the example shown, this would be 1, 290+50*25 watts 
awiroxiinatcly . If the calculattd else be not available, use a lower voltage wattsge 
lamp and not a higher. 

Period of Charging a New Battery. -In the case of batteries 
IKOvided with formed plates, the first charge should extend oves 
a period of not less than 30 consecutive hours, without 
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stopping, if posable, or for periods of not less than 10 hours 
a (tey for three consecutive ^ys. 

The electrolyte will then commence to *1)011'’ or ’’gas/' assuming a 
milky appearance due to the ascending bubbles of gas. At this stage the 
density of the electrolyte as shown by the hydrometer placed in ea^ cell 
should be at least 1.2^; it is essential that the chargitig should be con- 
tinued until every cell boils equally. From this point the charging should 
be prolonged until the pressure, as determined by a volt meter ora cad* 
mium tester, rises to al^ut 2.55 volts. 

‘RATED WATTS OP 32-VOLT TUNGSTEN LAMPS 
(To Give 1 Ampere) 




Charging Circuit Voltage | 



7.3S 

14.7 

30 

40 

50 

60 

75 1 


1 

100 

55 

35 

30 


mm 

Hi 

J 

2 


65 

35 

30 

25 

B 

B 


3 


80 

mm 

30 

25 

B 


c 

6 


. .. 


35 

30 

25 

, . 


9 

... 


75 

45 

35 

30 

, , 

0 

m 



Hi 

65 

45 

35 

25 

MM 




B 

•• 

95 

50 

35 


The charging of unformed plates is similar in all respects to that of 
formed plates, except that the first charging should extend over a period 
of at least 70 consecutive hours without stopping, at the end of which 
time the plates should have the characteristic colors of those of a fully 
charged battery. If they do not, the charging should be prolonged and 
the cell tested for density of electrolyse, and voltage, as already described 
until the desired conditions are attained. Then the battery may be dis- 
charged and recharged. 

It is probable that a total of 300 to 400 hours of chargimg with inter- 
vening discharges will be required to form the plates until they acquire 
a good color, and the density of the electrolyte becomes stable. 

In regular charging, the rate should be rapid when the bat* 
tery is nearly exhausted, but it should be greatly reduced at 
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the ^ of the (±arge after passii^ the point of boiling. CtUDf^ 
ing tt too low a rate is always injuriotu. 

Qlftea. What may be said with respect to Ae eapadty vt 
a new battery? 

Ana. Anewbattery will never give its fall capacity till after 
abodt twenty discharges. 

.Darina this tiOM it should be given about 25% overchaife. After that. 

lCi% overcharge, that is, 10% more charge tl^ was t^l^ out, will be 

sufficient for onhoary woric. 

Hi|^ Charging Rates. — Occasionally it is desirable to diarge 
a battery as quickly as possible. As a general rule, such a 
procedure should not be adopted unless the battay be 

NOTE. — K a battery require about 3 amperea for eharging, ho# ii this cur^ 
foit obtained from a 110 volt circuit? Each 16 candle power carbon filament lamp hi the ^amp 
bankwouldgi/eapproKimatelyH ampere with the cella in aeriee in the lamp circuit. Them* 
foce» 3 X3 or 9 lampa ahould be used in paraUel to give 3 amperea. 'Fhe amperea obtained wiB 
be alightly due to tbe oppoaition offered by Ums internal reaistance of the battery. 


NOTE.— SIclectlon of proper batterp. The number of etlU is detemined by the voHage 
of the ayatem. Thus, according to Gould: 


Voltage of System 

Number of Cdls 

Voltage of System 

Number of Celia 

110 

60 

^20 

120 

115 

€1 

230 

126 

125 

70 

250 

138 


NOTE.— The aise of a 110 volt battery can be determined thua, aaauiwing that the bat* 
tety win be charged at any time during the day oonvenieat to open^ the dynaaao and thnl- 
the battery wUl be aUe to fisniah canent for lampa aa foOowi: 


Time 

Number 

of 

Uuapa 

3 

Amperea 

4 

Nundier 
of home 

AittperaHoiM 

col.3Xool«4 

8, p.m. to 10 p.m. 

Twenty 16c.p. 

10 

5 

80 

10p4a.to 6a.in. 

Taro 8c.^. 

H 

8 

4 

8a>ih*to 8a.m. 

Six 18c,p, 

8 

2 

8 

. 
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ttuipoiiS^ disduofed, and xiot then, unl^ done by a pOEaoa 
vdio fhc»x>u£^y understands what he is about; battery msAirp^ 
will always hinush data and directions to meet emeigendes. 



fto. l,728.«^£ffe^of tempemtoreon capedty. Ftam an inspectkm of the cum, it ii cvidM 
the user woo desiree to obtain the full capidty of the tetter/ must lEtepit at a tempenr 
mveof not toia than 80degreei. It ia also e^ddent that very little catedty ia to tegahiedby 
aUowiof the tempemture of the battery to rile above 80 d^eeiFahr. In fact, the gain 
laonly about 5 per cent, and whatever » gained in’tfais way ii at the ezpeoieof theiHeoTthe 
platei and eepvmton. Temperature alao affecti the qweifle gravity of the eieetfolyteooiiiw 
tida te batteriea. The apecite gravity of the eohition ie with reference to a teaqioatuniof 
80 degteee Fahrenheit, and oooiparative gravity readingi are of little value imleia the lead- 
ing be corrected to a temperature of 80 degrees Fahrenheit. Ai the temperature riiei tint 
add eoltttion in the Iwttery eapaadi in volume eo that there ia a smaller amount of aulpinifie 
add in each unit volume of the eohition. Sinee each unit volume oontaina leaa add, eate 
unit will weigh lesi or have a lower epecihe gravity. Becauee of this, the gravity reading 
nMwt be decreased one point for each three degrees rise in temperature. For eaaiii^» if the 
gravity at 80 degreea be 1.280 and the temperature rise to 98 degrees, the gravity of the 
sohitioQ will have decreased to 1.274. Low temperatures do no actual term to a battery 
in a fully charged condition, eicept to lower its capacity. A discharged battery wiU, how- 
ever, ffem at pointa above aero i^fdeangiisttsl^ results in a ndnedbettery. The tern- 
peratuiei at which different gmvitiee of elediolyte freese are shown in the cum in fig* lf729. 

In charging a battery at a high rate, the danger to be avoided » the 
tendency of the cdle to heat. The troiibles that miSht arise from tide 
cause may be prevented by immediately reducing Uie current strength. 
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The proper rate of charge for a given battery (A cdls znay be thui dis- 
covei^ by experiment. A battery should never be chaz:^ at a higii 
fate unless it be completely exhausted, since it is a fact that the rate of 
dzarge that it will absorb is dependent upon the amount of enezgy already 
absorbed. 

For rapid charging, when a battery has to be charged in four 
hoihrs, the current ^oold vary about as follows: 



fta, 1 , 729 .— Freesing points of electrolyte of different specific gtavitks* 


40 per cent, of total 1st hour 
25 “ “ “ “ 2nd “ 

20 “ “ " “ 3rd “ 

15 “ 4th " 


For quick char^ins tn three hours the rates should be: 50 per cent. 1st 
hour, 33H per cent. 2nd iKwr; 16f( per cent. Sid hour. 
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Qaes. Why do the gases evolTed prodace a less milky 
pearanee of the electrolyte when a battery has been in use 
for a considerable time? 

Axis. The plates are better formed; consequently a larger 
charging current can be used without producing ''toiling.’* 

Capacity —The unit of capacity of a storage cell is the 
ampere hour, that is, the ability to discharge one ampere continih 
ously for one hour. 



For instance, a 100 ampere hour battery will give a continuous discharge 
of 12H amperes for eight hours. It should theoretically give a discharge 
of 25 amperes continuously for four hours, or 50 amperes for two hours^ 
but in r^ty, the ampere hour capacity decreases with an increase of 
discharge rate. 

It requires, theoretically, .135 oz. of metallic lead on either element 
reduced to sponge lead or to lead peroxide to produce one ampere hour; 
in practice, from four to six times this amount is required. 

The reason for this is because it is impossible to reduce all the active 
matmal, to bring every particle in omtact with the electrolyte, or to 
catwe every part to be penetrated by the current. 
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Etperiments shov that from .5 to .8 oc. of vooge lea4> and ^ 
Ml .86 os. of metallic lead converted into peroocide, are nquirtd on their 
ramiective dements to produce a discharge of oas ampero hour at cedi> 
nary oonunerdal rates. 

Hk cqndty increases with the tonperature, being about one per cent, 
lor each degree Fahr. increase in temperature. 

'Battery capacity depends on the size and number of plates; the <iuaa> 
tity of active material present, and the quantity of eie^lyte. 

For an ei(ht hour rate of disdia^ and 60 degrees temperature, the 
capacity of American batteries varies from 40 to 60 ampere hours per 
aqpare foot of positive piate surface (»2Xnumber of podtive plates in 
paralld Xlength Xbreadth) . 

Hie following table gives the variation of capacity fn* dlf> 
fefoit rates of discharge: 


Capacity Tarlatlon for Different Dla^aiffe RaCaa 


Disdiaise rate 

Per cent of capacity at 

8 hour rate 

8 houri. 

Plants 

100% 

06% 

66% 

Faara 

100% 

96% 

88% 

70% 

68% 

6 hour ............ 

4 hour . 

2 hour 

1 hour. 



Ones. How may the capadty of a battery be increased? 

Ans. By mixing organic materials with the lead oxkte, bat 
my such mixture is dways accompanied by a rapid deterioration 
ef the plates. 

Diseiiargiiig.— In discharging a battery its voltage Should 
Bern’ be allowed to M below 1.8 vdtSr under load, thiis teaviQg 
about 30 par cent, of the total capacity imused. 
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Thfr noitml discfaaiigizig current may be equal to tbe 
dircentt but a diacfaarige equal to 3 or 4 times the normal may be jpfSa 
idthout injury to the jdates. 


Some types nmy be discharged at even sk or seven times the normd ra^ 

In sudi cases, however, the capacity will be reduced in ^e same propor-* 
tkm, as before explained in the paragraph dealing with battery 


Qaee. Wliat is the effect of discharging too rapidljrT 

Axis* It tends to break the plates, and in the case of pasted 
plates, a very sudden discharge will dislodge the paste. 



Vn, 1,731 sod 1 , 732 .— Home made discharae rheoatat. The terminal on the end oT tim tahlt 
attached to the right hand terminal of the batteryaa ahoam, la movable, and it may ha 
daBUMd at any point along the ooUaof wire ao aa to gfve viriout amenta. The irfaa ahMSd 
te gnmead lightly to laevmt rusting. 

Omt. How Is the iBocliarge capodty 9X a aten^ battw 
■tated? 


Ans. In ampere hours. 



Batt^ Charging 




This, uiiless otherwise ^sedded, refers to its output of oxnmt at the 
hour rate. Most manufacturers of automobile batteries specify only tte 
mnperage of the discharge at three and four hours. Thus, at the eight hour 
mte, a cell which will discharge at ten amperes for eight hours is s^ to 
have a capacity of eighty ampere hours. 

It does not follow that ei^ty amperes would be secured if the cell were 
discharged in one hour. It is safe to say that not more than forty amperes 
would be the result with this rapid discharge. 

As a general rule, the one hour discharge rate is four times that of tht 
normal, or eight hour discharge, and considerations of economy and 


DOUBLE CONTACT 
AUTO LAMP 



Fka. 1.733. — Another home made discharge apparatus, /n eon9truetion six double contact 
automobile lamp sockets are mounted on a board and all connected in paralld: apair of U»ds 
having test clips attached is brought out from the sockets for fastening to the battery ter- 
minals. Lamps of various candle power may be turned into the sockets to Obtain different 
currents. 


prudence suggest that it should never be exceeded, if, indeed, it ever be 
employed. The three hour discharge, which is normally twice that of 
the eiiht hour, is usually the high^t that is prudent, while the four Ikhit 
disdiaiie is the one most often emi^oyed in automobiles for high speed 
driving. 


Oues. Wliat should be the msximnm rste of discharge? 

Ans. The one-hour rate; this when used, should not attend 
over fifteen or twaity minutes. 


Battery Charging 


In the case of n^dating batteries a forty-five minute rate of dSaduusn 
may be allowed for one or two minutes during great fluctuations of load. 

Qaes. How does the capacity decrease? 

Ans. It decreases with the increase in current output. 

An 80 ampere hour cell, capable of delivering 10 amperes for 8 hotav, 
would, when discharged at 14 amperes, have a capacity of 70 ampere 
hours; when discharged at 20, its capacity would be €0; and when dis- 
diarged at 40, its capacity will have decreased from 80 to ^ ampere houn. 

Ones. What, in general, are the indications of the quan- 
tity of electricity remaining within a cell? 

Ans. The voltage, and the density of the electrolsrte. 

Ques. What should be done after discharging? 

Ans. Whenever possible the battery diould be inunediately 
charged. 


TEST QUESTIONS 

1. How should a battery be charged for the first time? 

2. What is the usual period for charging a new battery? 

3. How is the electrolyte affected by the first charge? 

4. What strength of current should be used in charging 

a cell? 

5 . On what kind of a battery charging circuit should a 

discriminaing cut out be used? 

6. What indicates the completion of a charge? 

7. How should die cadmium test be made? 

8. What instrument is used to determine the state cf 

charge? 
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9 . What is the effect of varying the dharging curimt? 
10 . How is the state of the charge indicated by the colors 
of the plate? 

U. What should be the density of electrolyte of a fuUy 
chargd, battery? 

12. Name two ways of charging batteries. 

13 . Describe the behavior of the electrolyte during diS’- 

charge. 

14 . Define the term ''boiling"; what causes it? 

15 . Explain how batteries should be charged during dw 

nigk. 

16 . What precautions should be taken in charging a 

battery out of a vehicle? 

17 . How core small cells easily charged from 110 or 220 

volt circuit? 

18 . Describe the triple charge method. 

19 . What may be said with respect to the capacity of a 

new battery? 

20 . How may a battery be chargeU at a high chargir^ 

rate? 

21 . How may the capacity of a battery be increased? 

22 . What is die effect of disdiarging a battery too rapidly? 

23 . How is die discharge capacity of a storage battery 

stated? 

24 . Describe the term "ampere hours." 

25 . What should be done after discharging a battery? 
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CHAPTER 45 

Storage Battery Repairs 

To<ds, Eqafpment and Spare Parts.— Anyone undertaking 
to care for or repair batteries ndll in time gather to^^lber the 
equipment he ccmsiders necessary or desirable fw the work. 
Many of the tools are questions of personal taste or present 
equipment, but there are four things absolutely necessary: 

1. Suitable diarging equipmmt. 

2. Hydrometer syrix^e. 

3. Battery thermometer, 

4. Lead burning outht. 

In addition, tools and equipment must be available for the following 
purxjosea, and sirgs^tions are here given along with the list of purpoaei: 

L To read battery or cell voltage: portable volt meter, suchaa Weston 
model 1^.279. 

2. To remove connectors: a brace with H and H in. wood Int, 

3. To tighten or loosen seal nuts: A special wrench. There are three 
stses, 

4. To tighten or loosen tie bolts: a screw driver or else special spanner bit. 

5. To unseal covers: a putty knife. 

6. To remove element from jar: two pairs of 6 in. or 8 in, gas pliers. 

7. To prq)are surfaces for lead burning: knife, scraper, shoemaker^s rasp* 
wire bru^, file or end cutting pliers. 

8. To handle sealing compound: receptacles in which to heat and bota 
adikh to pour. 

9. To handle electrolyte: non-metallic or lead vesseb lor storing, mhdng 
and pouring: rubber gloves or fingers for protectkm; soda or ammonia solu-^ 
tion for neutialiring effects of spillage or sloppege. 

10. To make moulds for lead burning; pieces of iron, tin or powdered 
aebeitos and a pair of tin snips. 
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i 11. To provide for the actxial work: a Strong wooden work bench paintM 

With acid resisting paint , strong racks for holding ceUs and a lead sink 

icfc washing jars. 

A stock of spare battery parts should of course, be kept on 
band, and with these should be included: 



Fctt, 1,734 .^Typical work room showing bench nboat: 34* ISyaw had outfit, hot 

pistes for melting telling compound and hand driU pea fcgiMjkliiig ii oonnectors. 


1. Sealing compound for resealing cells. 

2. Burning strip for lead burning. 

3. Electrolyte for replacing actual spillage or toiwflMiiiieer for nonnal 
operation. 

4. Acid resisting paint for painting cases, racksr ofc 

5. Pure petroleum grease for terminals to prevent: oesiMiQii. 

6. New packing material to replace add^eoaked 





Storage Battery Repairs 
GLOSSARY 

Acids Term fluently uted to describe the Uquid in cells, in place of the apttcoved iMicic 
alaetrotyit^ 

AcHpc Hetcrich The “formed" paste which fills the grid. 

Amperes The unit of measure of quantity of electric current. 

Ampere ffouras Product of amperes and hours. 

Batterps Any number of cells when connected and used together. 

Bridge {or rib): Wedge shaped vertical projection from bottom of rubber jar on which platea 
rest and by which they are supported. 

Bwrnitags A term used lo describe the operation of Joining two pieces of lead by mdthiff 
them at practically the same instant so they may run together as one cdntloiim piece* 



PiQ. l,735«-«Platt of a aniBil battery repair shop* 


UkuHy done with mixture of oxygen and hydrogen gases* hydrogen and oompreaaad ah* 
or oxygen and lUuminating gas. 

Chdmlttmr A metal used in about the shape of a pencil for obtaining voltage of poslriva or 
negative platea. It is dipped in the electn^yte but not allowed to ooma in contact arith 
platei. 

CepeeitBs The rating of cell or battery in ampere-hours, qualified by the rate or tfane of 
disdiarge. 





1^54 R^palts 


t%e liQK wliitih holds thfi odto fli a 

€Mlr Unit 0f ttonfe battery practice; oontiiti of dementt, dectvolFte and J«. 

Chik^t IhmAag direct current through a battery in order to replace energy ni^ on dli* 
charge. 

CMrjdiig Jtaler The proper rate of current, expreieed In anoperea to nee In charging n bn t my. 
On^iMctorr Solid or fledble part for connecting poeitlve pole of one oeh to n ega tive poia of 
another, or to terminal. 

Oaaiirr Cover for cell to retain electrolyte and eachide foreign material. 

ClMfar One charge and diecharge. 



Fko. 1.736.— QectricaQy heated oven uwd for opening atocige batteries. Itlelaigeenoilgli to 
aococunodate any riae etarting or lif^ting battery, in np^mion, place the biitery on the 
work bench, tower the heater over it. turn on the earitch. and in five minotea the waling oop^ 
pound ia aoftened oo that the demema and jara can be eadly removed. 


JOeiMirgr Spedfie gravity. 

Deaelofitf nor The flret cyde or eyelet of a new or retmilt battery to bring about proper dectro* 
chemical oonditioaa to give rated capacity. 

W0tiphnt Bertaining to movement of add vritbin the poree of platea. (See fi^ialfeidaif,) 
Mcbnrvor The Sow of current from a battery through a circuit, opposite of **Cliaiige.** 
iktf^ Term frequeiitly applied to oeU coiitaining insufficient eleetrolyte. 

Jflicfiwllrtor The condnetlng finid of deetro-cbemieal devices: lor lead*neid itoniia batlmiei 
oondda of about two parts of water to one of chemically pun aulpbiiric add, hgf tmlM* 
Klainedei Boaitive group, ne^tive group and •eparatora. 

RqmUgnHan: The leedt of drculation and dtfoakm irithid the odt wlddi 
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chw and diicliiffe. 13iffmice b capadty at vaHnoa raCea i« eaiaed by iftia tloM 
quiiad for thit feature. 

' ISqiuaUMim§( Term uaed to describe the making uniform of varying specific gra vi tfea b dll* 
ferait ceUs of the same battery, by adding or removiiig water or dectiolyta# 

IPeafMirafloiir Loss of water from electrolyte from heat or charging. 

yormfngr Bieetnxhemical process of making pasted grid or other plate typm into aiiiiitl 
battery plates. (Often confused with DtHhpinz.) 

fbnign Mat^ridi: Objectronable substances. 

PirmhdtUmg Charpds A charge given to a battery which has been standing idle, to http It 
fu&y charged. 



Fio, l,737/<^Coiiibuiation cell tester for open voltage and cadmium tests. It dose away wltb 
s^ieaite meter and prods. Cadmium extenskm removable for immersion when not ni asa. 

Gaa9in§: The giving off of oaygen gaa at positive plates and hydrogen at negatives, wMeh 
begina when cha^ is something more than half completed, depmding on the lata. 

QrtuUpf Common term for specific gravity. 

OrUU Cast or stamped frame-work in which active material ii retained. 

Omupt Any number of positive or negative plates property joined together. 

Md*4mnit Device for keeping sepaniors from flosting or woridag up. 

/art Oentbiier for ekment and dectiolyte. Usually of hard rubber. 

Utfi Vhttkai prafoctfon from grid for oonascting with and bura^ to strap. 
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30^ (Sm Sediment.) 

ffhi^x A itoeve or distance pisce placed over terminals to teparate covers of a doilbls ooeer 
oeU. 


Oftr Chargas Continuance of charge beyond that apparently or supposedly necessary to 
improve condition of cells. 

tiler JBiaeharge: The carrying of discharge beyond proper oeU voltage; shortens life it carried 
£sr enough and done frequently. 



Fioa. 1,738 and 1,739.— <Besco post drill. Fig. 1.738. operation of drill; fig. 1,739 view of drill, 
fit operation, it drills down a battery post through the cell connector, leaving the con* 
Hector and tne post intact and usable. The post drill is Useful in tearing down batteries, 
saving the material for rebuilding the battery again. 

1,740. — Post reducers. Uaed to trim battery posta to proper siae for terminal oonnectors 
or poiut them for burning. The cuttere have 10^ taper and range in siae from 11/16 to 
H in. opening. 



Fko. 1,741.— Pbst buildeCB. When a bettery k opened the posts oi the piste itrape must he 
drilled down and again built up on assem b lage, Tim are seven n eosse a ry sises, ranghig 
from 


Smagt s^mry Hepms 


am 


Pmm The lahtiure of lead oride or lead and other •MhatTuya % pyt tntff grl*dff r- 

tike ocwdtocion of grid and pMte property *'f^^ Ftotithci are radUOrii ]ROim 
and aepuivaa ifate gray. 

folarffpr An etoctikal oooditkmi The poaitive tennmal (or pole) of a oeU or TT*1*F y or 
deetrkal cucuit ife wid to have poaitive polarity; the negative, negative polarity. 

Foitr The vettkal cyhadricai put of atrap whirii itceivea connector. 



Flros. 1,742 and 1,743.— Beaootenninal extractor. Fig. 1,74:2, extractor; hg. 1,743, applicatiOB. 
It la need for removing bran terminal cxmnectors that we badly conned and aticlc tight 
to the poat. Becaoae of tlie great force neceaaary to pull atubbom oonnectora, it U neoeeaary 
to make thia tool out oi the very beat drop forged atock. Contains sufficient leverage to 
exert great preaaure. 

Fxo. 1,744.— Besco group puller. Plates, aeparatora and groups of a battery expand in aarviea 
and with age, making it difficult to extract them when diraaeembiing a battery. PuUing 
groups with pliera is unsatiafactory; jam are broken, poau are chewed off, hands are bniliad 
and great effort is expended without reauita. This puller has a viae-like grip and tha 
harder the pull, the more it grips. An even puli is distributed to both posts, making aaqr 
extraction without wedging the group which ordinarily breaks the rubber jar. 

Polenllsf IMyerence; Abbreviated P.O. Synonymoua with voitage. 

Aetor Number of amperes for charge or disriiarge. Alao used to express (im for cither. 

Mhr {St»Bf$dge.) 

AfAbadr (See Srpwmw.) 

Astwrealr That which occurs to voltage readmgs when cells are diacliatfed below a oertaia 
critical point or charged in the wrong direction. 


]|lS8 

Solute iHlIi u 

ai0mmfi hoomutd or worn out partidct of uetivo ateteiid lnBen lo ilte bpIMi oloteli: 

^ teuqoaitly called **011x1.7 ^ , 

AteteniOfie S^me 0 i That part of jar betweea bottom and top of faridfe. 
dlporafor^ An ineulator between platet of oppooite poiafitr* umSly mood, or 

eombtnacion of both. Separator! are generalljr corrugated or ribbed to inaum pcoper 
1 diataiioe between platea and to a<^ too great diaplacmnent of dectrolfte* 

||ira»r Ftoepartidee of dectrolyte carried up from the aurface by gas bubblea. (SaaCSattOir^ 



Ftoa. It745 to l,730.^Uniyefaal Lead burning rack. Ttiia rack will handle alt typeaof atatting 
and lighting ptatea. The bam ia heavy caat iron with the grooves for holding platea cut ia 
A aeparate piem, one aide of which U groo/ed for Vk*' apocteg and the other for It ii 
equipped wi h plna fitting into three holea in the bate* which will ipace it coneCfly Ihc 
platee with luge at the comer or with lup offset. Two oOmbe or qndng beia are prorided, 
ciieisin4isfortwenty*seven H’' {dates aad Mother fee thirty-one plates. Theteoophi 
aie adjusted to the pcoper height with thumb ecrews as stiown. 

9$rapf That part to which all platea of one groiQ> are bum^ 

Sioifihot9t Common term tor lead sulphate. (PbSOi.) 

AfilpAcitodr Term uaed to describe celts in an under Charged eonditkm, from eltliar oim- 
dndiarging without corre sp onding tong charges or from standing eome ttoae and 
bfiffg self-diidfaauied. 

Mmimio Boadinti A peculiarity of oell vottage when platsi are eonsiderahty sidphated, 



vjbamdiwitevolcvte likoM ifafloni^ 
witiie, 

flirinlAiib IM to whkh ootiide idiw are cd^ 

rmf or Tm^ Ctfp* Hard or 90ft robber part foaerted in cover to letidii a mw ap h t irtc ptm^ 
ore within the cell, wWte preventing of electfoi 3 rte ftoin fpnqr. 
roltotor Electrical preaaure or potential diitonoe, eapieaied in velta. 

Wkltff Jar aidea and ends. 

WMktn0t Removal of sediment from cells after taking out etementt; xaimSfy aosempaiM 
bf timing of groups, replaoement of wood aeparaton and renewal of ctoctiolyta* 
IVWtsr Product of amperes and volts. 


IRsft-AMWar Product of amperes, volts and time in boors* 



Pkos^ l,75t and l,7S2.~Be8co gang co nn ec t or mould. Where only three of the popular siaes 
(7-1M3) cell oonnectors are desired, this gang connector mould wilt All that lequiiement. 
The construction ie rugged for moulding double taper castings. A sufficient quantity of bon 
is used to retain the heat for continuous operatiop 



fm* himwnd l,754.-»^Beiooraidbtetiniiial mould. It is so mnda timt dWemed i m u be ol 
d/16 eesewi oMv be used. 





m 
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; bupeet^ a New Battery.— On receipt of the battery it 
Ghould be wiped dean of dust and particles of packing, hnd the 
nii^des should be discarded. The case diould be careMty ex- 
afnioed and if there be evidence of damage in transit, claim 
daould immediatdy be made against the carrier. 

Remove the vent cape from the cells and determine the height of the 


fio. 1,7S6.— Ptotfli of Editon atonice battenr. The 
poritive or nickel plate oonaiaU of one or more per- 
lorated ateel tubes, heavily nickel plated, filled with 
alternate lay«v of nickel hydroxide and pure metallic 
n icke l in excessively thin flakes. The tube is drawn 
from a perforated ribbon of steel, nickel plated, and 
reinforced with eight steel bands, equidistant apart, 
wtakb prevent the tube expanding away from and 
breaking contact with its contents. The tubes are 
flanged at both ends and held in perfect contact 
with a supporting hrame or grid made of cold 
rolled steel, nideei plated. The negative or iron 
plate consists of a grid of cold rolled .sted, nickel 
plated, holding a number of rectangular pockets 
flUed with powdered iron oxide. These pockets are 
made up of very finely perforated steel, nickel 
plated. After the podeets are flUed they are inserted in the grid and subjected to greafi 
pressure between dies which corrugate the surface of pockets and force them into good 
eontact with the grid. 

golution in each cell. If the height of the solution in all the cells be uniform, 
there is no indication of a leaky jar. 

In a new battery, the density of the solution in the cells should read 
1.275 to 1.285 or somewhat less, depending on the elaosed time since die 
battery left the factory, temperature conditions, etc. If the derisity of the 
flcdutfon read below 1.250 the batter/ should be given a freshening diarge 
until the hydrometer shows a density of 1.280 to 1.280. Care should be 
taken to dbarge in the proper direction; the positive termmal of the battery 
liioiild be connected to the positive side of the charging system. R^bce 
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the veat cape, ectewing them in tightly, and jdaoe the battery on a dean, 
dry spot for 24 hours as an extra teat for a leal^ jar, and note vhether there 
be any dampness in the battery. 


nreparing New Batteries for Serrice,— Upon receipt of a 



Fiq. l,756.»^;kimplete dement of Edison storage battery with iosulaton. After the plates ari. 
assembled into a ooaijdete element, narrow strips of treated hard rubber are inserted be^ 
tween the plates, thereby separating and insulating them from each other. The ai^e in- 
sulator is provided with grooves that take the edges of the plates, thereby performing the 
dual fiinctkm of separating the plates and insulating the complete elementa from the sted 
container. At the ends of the dement, that is between the outside negative platen and 
container, ate inserted smooth sheets of hard rubber. At the bottom, the dement insta 
upon a bard rubber rack or bridge, insulating the pates from the bottoa of container. 

Fto. 1,787/— Pbur Edison ceUi (type A-4) in wooden tray. 

NOTE.-*!/ fioo plaoat of very thha brii^t stad be placed out of doom for a fear wadts* 
they beoome rusted* The actloD of the osygen on tlm carter layer of the metal hss fornud it 
into ac oadde oommody known as "rust.” Now place these two pieces of steel in e aduthm 
OQm|)Ossdiif|)Otesbaiidwater,andeonii6Ctthembywixestoasmalldynaiao. Thedeetricltr* 
in ilowii« frain the dynamo duough the soluUon. frixn oim of tlM idates to tlm orsfasr and h^ 
to tlm dynatno, changes the nist to metaDfc Iron on OM of the plalM. Intt cmism the otlMT |8ati 
to bsoQ^ twim as much as befom. 
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xiew battery, after makit^ an inspectuni aa directed In the 
fvevious paragraphs, laxiceed as follows: 

1. Determine whether the battery has been shipped 

a. Charged. 

b. UniiUed. 

c. Dry. 

d. Dry charged. 

A charted battery is one in which the electidyte has been added and 



of tho Ediaon Stontpo The fteidaiiieiital |iriitGiple of 

the Edison storage battery is thecnddatkm and reduction of metab inandectrdtyteaddcbiieit^ 
comUnes with nor dissolves either the metab or their oxides. An electrolyte abOr notwitth 
standing its decomposition by the action of the battery* b immediately reformed in entisl 
quantity, and is, therefore, a praaically constant dement without change of density or oon- 
4uetivity over long periods of time. Therefore, only a small quantity of such decgiolyte b 
nsoeisary, permit^ a very cloae proximity of the piates, Furthennore, it b ittineoemaiy to 
tdie hydiometer readings until about 300 eydes of charge and discharge have been mode;, 
thb b simidy to determine when it b necesmry to empty out the dd sohttkm and ptft In Pew. 
tlbacthminaterids of the electrodes being insoluble in the electrolyte, no chembit detmloia- 
boil lakes place tJaentratA. The d iem icai reactions in chargiiig ths Bdbdii stQibge tsattecy 
am, tl» oxidation firoa a lower to a higher oxide of nickd in the poaitire plate, aid Ihh fedhc* 
bm Ifott tooui oxide to metallic iron in the nem ^ tuddatfon aid ibihicbod 

am iiedbipied by bm mpven lid hydrogm asc at tlb timecdm pM 
dammmd t imofvmtefdmbigt^ 71m chaiiiidof lihepodrirnd^ 

tncmaiing the proportkm of oxygen to nbkei 
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givsea an initial cfaargie It is ^sipped in a i^y cfaargad 
witb the propel amount of dectrolyte in the cells. 

An tmfifkd battery is one which has been aaseml^ed with damp, treatedi 
separators, without electrolyte ever having been added and wiA ptaitea 
which require an initial charge. 

A dry baUery is one which has been assembled with dry separaton, with* 
out electiolyte ever having been added but with the t^tes in a chai^ 
eondition. 



^GS. t. 759 to 1.766.-— Edison Storage batteiycxmstnictkMi. Tbeairangement ha^Shoin) iiufeia 
a fas tiglit and liquid tight packing between the top of the container and the polee. The 
ated lugs of the atandaxd connector shown at the top are eaactly tapered to fit the taparad 
•teel polee. When forced into position by the pole nuts, the contact L made perfect. 

2. To each unfilled, dry or dry charged battery there is at- 
tached an identifying tag or label before the batted is 

Jfbaittrwhtabemah^lMdehargtd: 

jL. Semove vent idugs and examine height of dectrcdyte; if it be a| jor 
hdew the top of the aciiaraton, add Bnitable water until level of ^ aohnM 
it hat hdow the bot^ vt the fiihng tubet. If there be evidenee 
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dectrolyte has been lost from any cells in transit; use dectidyte instead of 
water to make up the loss on these ceUs, The specific gravity df this 
electrolyte should be the same as th^t in the surrounding cells. After 
adding water, replace and tighten plu^ and give the battery a cfaaige. If 
for any reason, die battery stand i^e for a considerable period^ make sure 
it receives the attention required by a battery in wet storage. 

2. Shortly before the battery goes into service give a freshening charge, 
continuing charge as long as the specific gravity of the lowest gravity ^ 
shows any increase and then for at least 5 hours after the last increase is 
sliown, so that the charge is continued until the specific gravity has stood 
still for 5 hours. 



Fid. 1.767 rspuln /. A Gould 6 volt 81 ampere hour Bton«» battery used tot 
itartiag and lifting. This battery was returned for repaire. 

If wood insulated battery has been shipped uncharged: 

1. Remove the vent plugs and fill each cell with 1.335 (36.4 Baume) 
specific gravity electrolyte, which consists of one part (by volume) of pure 

NOT£.*--A otorogo battoty it commonly looked upon as a reoeptade in trbicb to store 
electricity* Blectfidty is not ooncrete matter. In fact* nobody knows just iriiat It is. There- 
fore, In the geneiai apprehension of the term, it is not stored. Electricity eimply caueei a 
chemical diange to be effected in certain eubetanoee, when it ie caused to Bow tbiraiiigh them, 
tlieae ittbetaiwee, k eiKimvoriQg to mtuin to thek origkuB state, piodtioe Clectridqr. 
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idphuric ackl suitable fot batteries, to two parts of distilled water, to H 
in* above tops of the separators.* 

2. Wait 5 minutes and then fill each cell again with IJ33S (36.4 Bautti^ 
specific gravity dectrolyte to 9^ in. above the tops of the separators* 

3. The battery must then stand fit»n 10 to 15 hours before it can be 


placed on charge* 



4. After standing for this length 
of time, fill each cell again, if neces- 
sary, with 1,335 (36.4 Baume) spe- 
cific gravity electrolyte to bring the 
level of the electrol^ in. above 
the top of the separators before 
charging. 

5. Place the battery on charge at 
the finish rate marked on the name 
plate (or as shown on the chart sup* 
plied) until the gravity and 
voltage stop rising. This charging 
will require at least 84 hours. 


6. The gravity of a fully charged 
battery varies between 1.280 and 
1,300 (31.8 and 33.5 Baume). If, 
after a charge of 84 hours or l^er, 
the specific gravity does not rise for 
two consecutive hours, the gravity 
should be between 1.2^ and 1.300 
(31 .8 and 33 .5 Baume). If it be not 
between these limits, the specific 
gravity should be adjusted to these 
values at the end of the charge. 


*NOTE.— Never fill with ftcilily miaad 
electrolyte that is over 90^ F. (32* C) In 
temperature. 


^<i.l,768.-*Jttriervr«sp«lrsl. IbrefDOveterminaloroonnectifwliniKt^dv^tosdi^ 
QfHm<ii8mga Hin dHU. ThenfoUowupwithal^ or ll/16in.drm. Do not drill deeper 
thenneceenryBoaetonunhnieethelaborof buildiagupthepoit. Where a torch ie available 
iiiiteedoCdrifiing.ptay flame on '^center the posted Bkdt a bole in it. Drilling demeiye 
the poet. 
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7. If, during the charge, the temperarioe esoeed 110* FUv. (O* C4 
the da^ rate dioald be reduced BO as to keq> the tenqwariire bdov Ulr 
flahr.(^*C.) and the time of charging lengthened proportionately. 


MOTB.*^€ped«l tthnuot to the WijQard wood iiwuUted bettery. 

If rubber insulated battery has been shipped uncharged: 

1. Remove the vent plugs and fill the battery to the top of the veal 
opening with L275 spe^c gravity electrolyte (31.3 Baume). 

2. Wait 5 minutes and fill again to the same point with the same gravity 

dectiolyte. ^ 

3. battery must now be left standing at least 12 hours and not 
more than 24 hours before charging. This is done to permit the add 



Vte. l.Tes.— Method of drewiag odd from a c m boy. the eombinotioa of i Jorie glaii boitile 
•ocMod in a wooden boa ie called a caiboy. Attach to boi two rockera sad St a pispi of 
hMwr liibe to neck of bottle at ihown. Tbk vfil paraifr ixairiag tha hqukl wi^bM 
evaa when the bottle la full. 

to penetrate the active matesrial, which is a necessary step in the piepaia* 
tkw of the battery. While thus standing the level of the det^yte will 
dtop, due to the absorption of electrolyte in the pores of tiie piiiiei wad 
innwion. 

4v Juu hefm charging, fill the battery egsip widi the seme gravi t y 
daetrolyte as mefitkaied above, vp to the under part of the veal hdHi 





Jkomge Battery Mepaka 

5. Ibe battia 7 thould then be on chute at finMi ate dxMra on i 
ptate, « » duwn on the dnrt eiqqidied. This abcraU 1» TnAated lattfl 
tbe qwdfie gavity stops risuig. At tne end of the daite the qncifie 
gaid^ diould be between 1.280 and w 31.7 to 33^ Baume. vJddi 
nay tihe 36 to 72 hmas. 

6. Due to the charing process it is venr likely that the water wiB 
enpoate in which case tbe level the dectndyte will go down. DistSled 
eater ahoiild then be added so that the plata aa entirdy covered with 
decttolyte, whidt dwuld be about H in. above them. The importtoot 
matter to observe is the tempeature of the dectrolyte, which diouid not 
esoeed 110* Fahr. (43* C.). ShcHild tbe tempeaturo rise above ^a poi^ 



Ste. 1.770.- .iPattawnSMaea. tanmeviiiathetopoeaDactM, piMea(Ue«r«flK;ij«eeo( 
itoel aloof the ad^ of the pnft. Fboeaa ORlhiacyecm driver ondemeath the coaiMcliir 
andpeyitoff. The object of the file or pieoe of eteeiie to protect the case franbreilaip 

battery coaxigina should be disomtinued for a \diile oi the rate of current 
decrea^. If the gravity stop rising for two consecuti^ve hours, it is a sign 
that the battery is fully dbarg^ , and the only thing necessary is to eqtialiM 
the specific gravity in the cells so that they shall be about ^saznes For 
instance, if the specific gravity of electrolyte in one ^ be dm L300, 
lemove a certain amount of diectrolyte replacing it with distilled water. 
Simfiaiiy if the specific gravity be below 1.275 remove a certain amount of 
elficfxolyte and aM the same amount 1.400 sd^ The«htu|^ 

ahoidd then be continued for aix^her hestf so as to get thd aolislj^ 
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im 


properly. Care should be taken not to prdrnig the dmrging utididy. Ibr 
that mold be bound to injure the plates, causing ^ materhd to M bm 
the grids. On finishing the charging of battery the vent idugs should be 
replaced. 

Preparing the Electrolyte.— The electrolyte is tte sohitkm 



Vto. l,771w— aBrrwy nsMlr* 4^. Brush off the aixumuhtkn of lead aiid dirt from tlie lop ^ 
tbs bettary. CaredioaMbeeieidBedtokeepiQreignsobataiicesfromtheltisideorthebat- 
tery, especially metal whkdi ntty beooiiie lodged between the pbles and aetmtim and e^ 
tuatty caorn abort idrcuiting. 


the battery and conasts of a definite mixture of pun sul- 
phuric acid and distilled or other suitable water. The sul- 
phuric add must be chemically pun. 
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Fxq. X,772.~n9af<«rv rnitOn 5. Remm 
vent plug. Thk tbould be done befbra 
using a flame around the battery, because 
hydrogen gas is generated in a battery 
and its presence may cause an exploeioii. 
This gas can be quu^y expelled by blow- 
ing into the cells with a bellows. As the 
vent plugs are made of hard rubbtf , which 
is easily broken, do not attempt to remove 
them with a pair of pliers. 
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Ptai. 1,773.— Curves for mixing full strength acid and water. Full strength or ennt»o frnf^ 
sulphuric acid is a heavy, oily liquid, having a strength (specific gravity) of about 1.S3S. 
If put into battery. It would quiddy ruin it, and must therefore be dOiited with purs 
foistmed) water to the prefer atraafth for the particular type of battery, to which It la to 
be added. M mOefAp, take the folkywiag precautfons: 1, Uae a gtass, chiiii, earthspiwaia, 
nibbdr or lehdveisd: never metallic other than lead. 2, fofoifospaiw; 

nor the water into the add. 3, Stir thovoudibr with a wooden paddle and allow to coel 
before taking a hydrometer reading. The electrolyte like most eubstanoea e sqpa n da with 
rise in emparatiire; this aSeeta the hydrometer readings OsmeffoA for 
imUngi AMmmptikiiiP hpd/tmuut tmirniim §my 3* Mr. fnrrsoar la innfofofars aism 
TO*. 
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^ Theuseof kmstaiidaidoriixq^d^etidyteisafm 

! Da not confuse chmkaUy pur§ sulphuric add with stxlphiute add ttffidl 
lUrength. For example, if a sinaU quantity of some impiuitybwintiaduioed 
Into add which is both chemically pure and of full strength, it would not 
materially reduce the strength, but would make It impure. On the otter 
hand, if such add be dilut^ by mixing with pure water it woidd alill be 
pure, but its strength (spedfic gravity) would be reduced. 



Fto. 1,774.— JSaff«rif S. SofteA the eesHflg eooiiiouxd srauad the edfee of the eovere 

by playing a gas or torch flame Over the oompouad. It ie beet to play the flame and 
forth wad not steadily in one place. 

Pull strength or ooncaitrated sulphuric add is a heavy, oily liquid 
having a strength (specific gravity) of about liSS. If put into tito battery, 
it WMdd quickly ruin it, and murt therefore, first be diluted vhii suitable 
vrator to the proper stroigth for the paiticidar type of battery to vdiich r 
is to be added. 

. Ifdectroiyteof theproperstren^benot onhaiid,itnayhepaqpare0 
from chendcally pure edpliuric rndd by mixing the add vritih purq «ater 


be ofaayrtWBgth, provided it be rtrongprtlBnaiedec^^ 
dcam, trat it uould be borne in nrind that especial care most be tfdtMl to 
^dto^ stronger than 1.400 aito extteroe can adien it is stron«er 

nral.6w. ^proportions of add and miter depend upon the atndgUt 
<rf tb eadd. Fig. 1,773 gives the projections when the add used Is fnll 
strength or concentrated, which means a strength of 1.83B. 



JL77Sw--^B 8IOO cod cutter for Clittii^ afllar toaf to amper Msaw sh^ l^ 
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te* rwpain $, Soften lemaioiDg eompound witli tocth. Do not oDoer the 

flame to play in one place long at this would cause the oompound to melt and nm. - A tteaD 
fldine used for levenl minutes wiU bring better results then a strong flaaie, After Miftoalag 
tbe oompound it may be removed by using a heated screw driver. 
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1,279 


When mixing, take the fcriUowing pnecantioos: 

1. Use a glass, china, earthenware or lead veasei; 
never metallic other than lead. RuUier may be naed 
except when mixing acid of 1.600 gravity or etronger. 

2. Carefully poor the add into the water; tut the 
water into the add, as this might cause qaitteting and 
therefore personal i^ury. 

3. Stir thoroughly with a wooden paddle, and alknr 
to cod before takii% a hydrometer reading of the 
strength. If add of 1.835 ^vity be used, the wooden 
paddle should be coated with sheet lead. 

Eiectiolyte, like most substances eqiands onheatiiig, 
affecting the hydiotpeter reading. To compare diffineat 



Fiq. 1,779.— Pahicaheit tcale. To correct tpedfic gravity for temperature read thennottMe 
toneareat -)- or — diviaioD. If +odd to hydrometer reading. If — eubtiact, AMurualar 
thecmoiiieter 79 (oGrrectioa + 3), hydrometer 1.209. Corrected gravity 1,209 + 3 1,212« 

Pro. 1,780.— Boffery repofra 19. Apply the gas flame to the inaide of the jar for im laetant; 
thearuaahotputty knife aroiind the edgea between jar and cover. Now place the battaiy 
CO the doorind hoUhng it firmly between the feet, graap the teimhial poeta with two paire ar 
plieia and lift the element and cover out together. 




1,44 


Seorngw Battery Befaia 


klnbaaieiter rewfings, tfaeRfon. tiie taapantiM dwukt be lAont tte 
Hme. It is not Moetaary, however, to actuidlytxing the tttqtoiittim 
Ite same value, beauae it ia a known foct toat every 3 deKteas fawm a a 
ka tenqMtatuie decreaaea the hydrometer reading 1 poiat. and fidiitct 
dan be used in estimathig wfaat the hydrometer reading would be at an> 
ether temperature. For example, if the hydrometer reading at 96* be 
t.275 it would be IS points mem, a 1.290 at SO*. Therefore, dthouih 



Fk<i. 1,781 . — Battery repatre JI, 04*61111 dements by resting them nt an tmgleoii top of Jan 
While the eleinenta am draining apply a flame around the terminal pot^ a^mmovaooveri 
Tte covers may have irnrped from the heat. If so, they ahoiild be piaoed in bdflag wata 
and flattened out on a smooth surfmee to cod. 

the two actual readings differ by 15 pc^ts, the differeuoe it all doe te 
temperattire, andifthetemoeraturewere theaai^ the readings would hti 
the same. When die temperature is much above or below nonnal, tbs 
hydrometer readingB diould be corrected for ""temperstt^re/* 

Ti> orttetmg ailphuric add specify that it shall be diamigsiliy 

pure 1.835. 
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Fi 9. 1»782.— Mftrf nptiBra fl. If septratort be in food oondtUon, exkl a jar replaoeiMl 
aidy ia to be mode, eet the ekment, with bottom coirei, in electrolyte or water till ready to 
leplaoe. Ifaeparatkaiie to be renewed and plateaezamined.teperate the positive and nefr 
tiwa gronpe. Ckaip the dementa firmly and work the groupe gectly back and forth. 



npmtrt II. Mediod of lemoving aeparatore. thke a putty knife and 
rimit between the plate and the aqpaiatflr. It iaalwaye beet to renew the eeparatore. iTben 
n now batmy la renehred for replacetmnt of a leaky jar the aeparatore will generally be 
feandfegoodamditkttaoaenogtoiwitiiieietiewai. Ifeedeepaiatameboiildimmbeiilloe^ 
m dry oat bat ebcNtfo be kept immeieed in water* 


14^76 Storage Battery Reptdrs 


The readings should be taken at from 70^ to 90* F, So called ^'oommercial 
add'* is not satisfactory for use in storage batteries, and therefisTe. add or 
stoctrdyte should be purchased from a storage battery company or a cUs* 
iMbutor. Inasmuch as the greatest damity of electrolyte that diould be 
fnit in the cells is 1.400, distributm carry electrolyte of this density; 

When the battery is fully charged the dectrolyte should show a specific 
gravity of 1.280 to 1.290. 

For developing repaired cells with new positive and negative {fiates the 
initial electrolyte d^ty should be 1.200. 



Fko. 1,784.— ^otfartr npain 14. Inipectioa of plates to determine whether or not they 
require re p ly atn e nt . If battery has been overheat^ through oimharging or short cSirndthig 
fhls win be in d i ca t ed by brittle and budded plates with active material granular and ndling 
away from the grid. Plates in this oonditkm will have to be replaced. If electiolytshashot 
been kept above the plates the tops of the plates will ftbow a white mbstanoe known as 
sulphate. 


Fto. 1.785.— aatterjr repairs 15.—PeBitive group showing buckled plates. A group d budded 
plates which, when leaaaembled, will not go into the jar leadily, should he lepfattsd with s 
new group. 


l<IOTE.-^/ fks Mliry hts Sam oOnrad io rmain in m dl 9 eHar 0 $d eoifgfflMi Ipr eny 
iengthd tinw it wiU be Indicated by sulphatedjdaiei. Tl^idplmtionisaiisiiwikftdemtei^^ 
Iwchsigingutalowrateswaloiwperiod. Thk rite shoiiM be alKMit m half tiw nd^ 
disrgiog rate omunued until the specific gravity and vdtags leadws a madioiiin Wdus. 
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Far developing repaired cells with new positive and old negative plates 
that are in a charged, wet condition, the initial electrolyte density 
be 1.250. 

When wood eeparators only are replaced in a charged cell the initial 
electrolyte density should be L280''. 

For developing batteries shipped **bone dry” special instructionB are 
given on tag accompanying each battery. 



Fia. l,786.^aari«ry r«|Mlr« IS. Method of etnightening buckled plates* Insert boards ol 
suitabte thidmess between the plates and over each outside (^te; place the pile in a vise, 
apply a gradual pressure, exercising care that the plates are not subjected to a severe strain, 


To bring up the density of the electrolyte in a low cell the strength ol 
the dectrolyte added should not be greater than 1:400 or it may damagf 
the i^tes and separators. 

'^NOTE.— ra# eofidMon of tho nogatipo ptatm is sometimes such that they may bt 
omd again with new positives. In this case the negative group should be Immersed hi watm 
to pcavent the platee drying out through heating or espoeure to the air. If the poeitlva 
Plato he leirly hard, and has not lost much of itaiiirface.it may be umd again. rw^TTffiffly 
it happens that one or two platesinagipuprsquirerepiaoemaitwhils the batoneenf theplatae 
am to good condition In this case new plates may be wed to replaoament. 
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Stm «U pm sMlphurk md to « M0, «t «( tt$ tmd kMt iMmttif 
dud trill dmagt tin pUdts and sHmaSm. 

TaUe showing apiHxndniate number of puts of pore water to 10 putt 
Of sulidiuric add (spKific gravity 1.835) topiqauvdectrdyteofdilnRitt 
4ansitira. 

READINGS AT 70* F. 

Density Parts by wei^t Parts by volaine 

1.260 17 30. 

1.275 16 28. 

1.280 15 27. 

IJOO 13H 25. 

1.400 8)^ 15.8 
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Fm. 1.788.— B«ir«rjr r^pain 18.— Note tho tedinient which has aetOed at ths bottem of tha 
iar containifiK dactrol]rte. Under normal usage this aediment will not be coodderabla. h 
large amount of it indicatea that the cell has been o/erheated, ani that the aohitkn lute Bol 
been kept above the plates by adding diatilted water at regular intervida. 



Vte* tflOttew raiNiirs li.— Pour off deardectrolyte. Never allow the 

htealha battery aa it would impair the eflldeacy oi the aaporateis. 




l,2l^ StoTt^[e Battery Repairs 

What may be aaid irith respect to ImpaiUiea fai ifte 
deetnriyte? 

The electrolyte should be £ree item chlorine, nitrates, 
aodates, iron, copper, arsenic, mercury, and the slightest trace 
o( platinum. 

Mercury alone has no injurious effect unless it be present in sufficient 
quantity to amalgamate the plates* but in combination with any other 
met^, may cause local action. 



ffm. 1*791 .— Bm 60 battery vies and plate praae. Sarvea « donbla purpose. Aa a btUSanr riM 
it danpa tbe battery without injury, making It easy to axuract ffbupe* oA or rubbar 

lata. Aa a plata praea it aaeuree a steady graduatad pmaufa ao aaaantial in atrriyhtiailBg 
'hoGidSdplatMocpraaaintiRiupabacltintoAapatofltiiui. CanbaboHadtDlloaenrbeiai* 
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Tb? following tests ^ould be made for impurities before the 
electiolyte is poured into the cells: 

CMorine,^To z small sample of the electrolyte add a few drops ol 
silver solution (20 grains of silver dissolved in 1,000 cu. cm. of water)* 
A white predintate indicates chlorine. 



Fio. l,792.^0offery repairs 21, Clean case ready for asaenobling of eletnenU. Ins|jeet the 
jars carefully for craclw or olhet* imperfectionB. Jars exhibiting such defects should be re- 
placed wilh new ones. 


Fig. 1,793 .—Battery plate press, ii is made fat 
straightening and forcing of a:tive materiala baclr 
into the gride. This plate press is ma le ot cast iron 
and reinforced to withstand the necessary preasure. 
A great amount of force can be applied eeady eod 
quickly. 


1 » 2|2 StoT^e Battery Refmira 


V Place some of the electrolyte in a test tube, and a«Ui 10 

jfrains of strong ferrous sulphate solution. Carefully pour down tiie dde 
Of the test tube a small amount of chemically pure concentrated $ub>btirk 
acid* A brown stratum between the electrolyte and the Goncenttated 
^d indicates the presence of nitric add. 

Acetic Aefd.--Neutralize the electrol^e with ammonia, then add ferric 
cbloride. If the solution turn red, and is afterwards bleadied by the ad* 
dition of hydrochloric add, acetic add is present. 



Fko. 1. 704. U, To remove i jar fill It with boilmg watm and aHow U m 
•tand lor at leatt five minutei. Thn will looien the tealing compound tumMmdiog the Jv. 

iroii.-^Neutralize a sample of the electrolyte with ammonia; boil a small 
portion of hydrogen peroxide, and add aixunoma or caustic potash scihittoo 
until the mixture bc^mes alkaline. If a brownish red piedptete tom, 
it indicates iron. 

Copper. --If copper be present, a bluish white precipitate wiB be ferassd 
nidlen ammonia solution is added to the electrolyte^ 

Mierewwe^Vm is indicated by ko olm green pieei|iiMe sdfeii a 




Stwa^ Ba ttery Repain l;283 


aolitliian of potMaam iodide is added to the electrolyte, cr by « 
wec^pitate vbea Unte water is added. 

ftntinuin^~\ rougb test for traces of platintnn is made by 
the dectrdyte into a cell in which the battery plates ate imnwHMwf , ]f 

gassing take idace for some time on open circuit, it is ah indication of the 

presence of {datinum. 



fta.l,795ir — Battant npabr* U, CMtptheedfesof the jartoteieimwdwithtiropilisflf 
ffim M.lUeMntod and poll it itraig'.'.t up. Care atxMild be e i et c iaed to at oot to daaMSt 
adDaceotJaia. 

TaUe showing approximate number of parts of pure water to 10 parts 
dectrtdyte (1 .400 q>ec. gravity) , to prepare electrolyte of different denritiei. 

READINGS AT 70' F. 

Density Parts by weight Parts by volune 

Law 4.7 6H 

im 4 «. 

liao 4 iH 

’300 3 4HL 
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(S^pedfle Gravity of Electrolyte la T^ieal Ceunliiea. — 
The electrolyte us^ in automobile batteries in trojncal ^mates 
is purposely made weaker because such batteries (qtmted in 
trqpical climates give better results if the solution be weaker 
tibra that used in batteries for cooler climates. 



Fio. 1,796 . — BrUtPtif npain 24, Inspection of case before putting in new jars. Remove 
tbe ahims and sealing compound so as not to hinder the jars from being placed properly . 

Places where freezing of water seldom or never occurs are regarded as 
having tropical climates. In countries where the average temperature is 
around 100® or more throughout the year, it is recommended that the 
specific gravity of a fully charged battery be kept at about 1 .280 ordinarily 
iwed. This is due to the fact that with the increase of temperature, the 
specific gravity of electrolyte decreases, the ratio being that for eadi S'* 
increase of temperature, there is a decrease ot one point in specific gravity. 
This means that when the temperature has been increased 30® the gravity 
actually reading on the hydrometer would be 10 points less than it would 
be if the temperature were normal, 

In this way, if the standard specific gravity (1 .280) were used, the actual 
specific gravity of a battery in hot climates would be from 10 to 25 pmnta 
too high, with the result that the battery would be wearing out faster. 
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iB n ta fi rtioB of Batteries. — ^When installing a new battery the 
Mowing precautions should be taken; 

1. Battery oompartments must be well ventilated, but in such a way at 
to ke^ out water, oil, etc. Install battery so that all edit art 
easily accessible for adding the water necessary to replace loss Croai 
evaporation. 



Pio. 1 SS. Heat Jar before placing it in the caee. This may be i 
pi^h ***< by pouring boiling water in the jar. If hot water be not available play a light flame 
around the outside of the jar. 


2 , Arrange connections so that positive of charging source will connect 
with positive of battery, and negative of charging source with negative 
of battery. Test charging wires for positive and negative with a volt 
met^, or dip the ends of the wires in a glass of salt water, but do not 
allow ends of wires to touch. In the water, fine colorless bubbles will be 
given off from the negative wire. 



I»|86 Starve Sttmry 


r' 3. Before making connectionB all suriKMvIudi are to be bolted together 
Uiotdd be wiped with a cloth wet with ammonia, thorauf^y seraph and 
then coated with pvm 'raseline. The metal is apt to be covered widi a 
very thin film of acid and unless this be neutral^ and removed before 
making connections, there may be trouble from corrosion later. 

4. Batteries in service on vehicles of any sort should have the traya 
seated firmly and evenly without any undue twisting or straiifing a^ 



Pm. 1.79B.— AiHw* NpiUkv M. Fwb Jw into piMoe, tikiog ore to ne tluit the top ci the 
Jir ift level with the otben. If the tope be not liiied up, the top coonectore will be uneveo, 
«iid M e leetdt preee&t • very poor looking job. 

ghould be securely fastened down by suitable holding devices, so de- 
signed that they will not shake loose in service. Connecting cables must 
be flexible and sufliciently long to prevent a pull on the battery temtola. 

5. It is absolutdy essential that the battery be securely held tn positkiD 
on tibe car, and for this purpose **bold downs** have been developed. The 
simplest form of hold down consists of a bolt fostened to the ear and whfob 
grips the case by means of a chp fitting the case tandle. 


Slma ge 


tm- 


®. If a feattary be allowed to jump around in its ompartmimt, the 
mult is unsecmary wear or breti^kafi^ or both. The nbs in the bottom 
of the jars may wear grooves into the plates and separators or the plates 
may wear grooves into the ribs. Battery terminal posts are sometimes 
broken as the mult of a loose battery straining on a coraisc^og ^able 
which has become taut as a result of the battery moving. 

7. Always see that the battery is fastened securely in i^ce by means of 
bolding devices. 



Fto. np&irt JT. Plaoe a pumWotd wood vewer ihiiii b et ire en the jsn to 

ncore a proper epacina and a tight St. 


To IiutftU New Battery on Car. — ^See that the po^tive and 
native terminals of the new battery are in the same position 
as those on the one it is to replace. This is of importance, 
espedally when the car is equipped with an electric starting 
and lifting system. 

Sx volt battmes have (me positive and one negative ter- 
minal. 

Batimes used on 12 , 16, 18 and 24 volt systems often have 
a greater number; and different systons have these teraodiitf s 
located in different positions. 
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If the connections be not made correctly the starting and lighting aystett 
will not operate properly, and if the terminals of the new battery ^ not 
in the same position as those on the battery to be rei^ced, the wiring 
must be changed to fit the hew battery. Usually the polarity of ea^ 
terminal is stamped thereon, but as an extra precaution this should be 
checked with the volt meter. 

Rub coimections and terminals with sand paper until they are clean and 
bright. Go over them with a rag dampened with ammoniated water (one 
part ammonia, ten parts water) and screw connectors tight to the ter- 
minals. Coat the terminals and connectors with vaseline or heavy grease. 



Fro. 1,800 . — Battery repaira 28. First step in replacing elements. Take, the positive and 
negative groups to a clean, flat table. Always make sure that the work table is free from lead 
scrapings or foreign substances of any kind as these substances will adhere to wet aeparators, 
and if not removed will cause short circuiting of the plates. 


Be careful that the battery hold downs or other devices for keying the 
battery in place are suitable for the new battery. 

If the car be equipped with a starting and lighting system have the 
owner operate the engine; first, to see that the battery revolves the starting 
motor, anisecona, to see that the battery receives the proper charge when 
engine is running. 

Battery Storage.—Batteries which have electrolyte in the 
cells, must during the idle period, be kq}t charged, ^ve water 
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xm 

added a$ nec easa r y, and not allowed to become extremcSy bot 
or extremely cold. The question usually arises whether it is 
better to dismantle the battery and store it dry or put it mto 
storage as it is, this being termed wet storage. 

Any battery whidi is to be out of commission should, if possible, be put 
into wet storage, provided it will not soon require dismantling, in whidi 
case it should be put into dry storage. > Dry storage requires no attentioii 
during the storage period. The battery must, however, be dismantled 
and reassembled, and if its condition be such that this will soon be rs» 
quired anyway, dry storage is obviously the better method. 
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ta. r«pafr« if. SsmdstepmreplacmgdeiiientB. Intemieai the poiinfs 

sod jHCitlve group. As the nogative group mtibssoeiiiaro plate thaa don tbs podfeh% 
both otttdde platei be negiUive. 


S^Mge Bi^iy Reju^ 


l|!90 


Brf Stonv«, 

n 1, Rnavide a dry place for atonge, free from duat. 

. 2. Have on land enough approved water to fill ail the odb. 

3. Empty the battery solution by tilting and turning over the battery 
and immediatdy rq>lace the solution with the water. 

, 4. Allow the battery to stand filled with water for anxmdmately 10 to 
: IS hours. 

S. Give the battery a charge, continuing until aU cdls gas fi«dy and 
tmtil half hourly readings of the specific gravity of any ootain cell and 
of the vtdtage of the battery as a whcde both show no further inoease 
over a period of 1 hour. 



Pm. lJKa.—9attmv r^alrt M. Camplete dement readr to nodve eepenton. 

6. Unseal the cells and pull out of the jars the dements complete with 
covers; that is, widiout removing sealing nuts. 

7. Remove the separators. 

8. Wash the plates by diptang them several times in water. 

‘9, Reiriaoe the separators, udng new ones for the wood sepuaton. 
Be sure these are thorou^y saturated. Where there are rubber aep- 1 
aiatots, they may be used again, if they are not broken or oadBSd. 

10. Pour the water oid (rf the jars. 


Siortg^ Byt^ry lUpakB 


11. Put the dements back into the jars and reseal before the neaativei 
dry out. 

12. a tag on each battery, giving the date init into storage. 

13. RqjIm and tighten vent i^ugs. 

14. Within 12 months put t^ lottery into service. It is preferatde to 
do this immediately then keep in wet storage on irickk char^, 

15. If it be impossible to reseai the odis, as covered in item 11, pio> 
need as in items No. 1 to No. 6, inclusive. Then remove the wood separa- 
tors and throw them away. Where there are ruNber separators, replace 
them between the plates. Allow the phtes to drain and thoroughly dry. 
Pour the water out of the jars. Put tiie elements back into the fars, but 
do not seal. 



l,S03.^art«ra r^ttatn 9U Method of inaertiiiK aepBrator. Lay the dement on its 
tide cod put the ■eperator retainerB in poeitfon. Insert a separator between each pair of 

piatei. If wood separators only be used, the grooired side of the separator should be next to 
the positive side. If wood separators and rubber sheets be used, they should be Inserted 
tosether, the rubber sheet between the positive plate and the grooved aide of the wood 
operator. See that the eeparators are against the retainers and that they extend equally 
on either Bide of the eletnent. CarefuUy check up seperatcM after asiwiDbliaC •• to ossit a 
■eparator would cause consideiabte trouble possiUy spoUing the celi. 

Wei dfforwge. 

1. Provide a bench or shelf in a convenient location and of sufficient 
•i*e to allow a little air space aU around each battery. 

2. Place the batteries t^n wood strips, in order to keep the bottdia 
of the batteries dear of the bench. 


Startle Battery Repairs 


1^2 


3. Install the necessary wiring, switch^ and charging resistance, so that 
batteries can be easily connoted up and charged where they atand on 
thebendi, 

4» Apidy vaseline freely to all exposed metal other than lead. 



Fio. rspalra IS. Complete element. The element should be gmped bf 

pillar post and lowered gently into the jar. This should be done very carefully to avoid 
breaking the jar. 



Bm, 1,805 and l,805.*-*WlUard poaitiva and negative gpo o pe of platee. Fig. 1305 negathm 
group; 5g. 1,806, poeitive group. 



Pro. pontive and negative groups being assembled. 

Fig. 1 ,8CI9^WUlard element or assembly of nosHIve ani negative plate groups with separatora 



Storage Battery Refuirs 



Pte. T^pain M. Clean coven with heated putty knife. 



t^ll.-^Adaptattan ot auto tire pump aa im acid pump. The lead pipeoan headfiialed 
tP xeaeh bhtlila»^ deqpeat carboy. Any auto or btcyi^ air pump can be uaed with it. 


fit 
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old be tested vith the hydrometer to detennine the state 
the diarge of the cd]s, and to determine if die dendty of 
sotodoa in die cdls be uniform. 


The heighi: of the solutioii ebould also be detemuned, and if not at the 
PRiper height, the cell ehonld be leirfeniahedvithiKire water. If no tranUe 
be hifficated, see tint the caw is dean, wiling with amimmia Mlutkn, O' 
part ammontB and ten water. See that the terminals are tiidif 
that the battery is hdd rigidly in the battery box. 

If the test show the level in <»ie cell lower than in the others, it is iixtica> 
thre of a leak or that add has been si^ed from this cdl . 

If one cdl be marke^y low in gravity, or if owner onmplain that he has 
to fill one cell more frequently than the othos a leak or spilling as Just 
mentioned, is also indicated. A leaky cell should be rqiaired at once. 



1496 Storage Battery Repairer 

If on the Other hand, low add level or low gravity be due to 9pdling« tte 
battery should be charged and add density adjusted. 

If, however, the test show that all of the cells are in com- 
idetdy discharged condition, or the owner complain that he 
is unable to keep the battery diarged, the wiring and starting 
system should checked as follows: 



1. Point of dynamo cut in, 
also the speed of the car at 
which the dynamo commences 
to give the battery its normal 
charge. Dynamo systems are 
designed to pve this charge at 
about 12 miles per hour, and 
if the dynamo do not, it is prob- 
able that the battery is not 
receiving sufficient charge. 


It may be that the commuta- 
tor is dirty or is covered with 
oil from the dynamo bearings. 
In this case the resistance be- 
tween the commutator and 
brushes may prevent the 
dynamo charging the bat- 
tery at the proper rate. The 
commutator should be carefully 
examined and if found to be 
dirty should be cleaned with 
sandpaper. 

2. If the cut out switch be 
not working properly the bat- 
tery will discharge back into 
the dynamo, thus losing power. 


aui. 1313.— ruiMiiv JS. If the eower do aot St doMly to the tenninef poets, oi 
the well of the for. the openinse ehould be oidked with hemp twine or tow to pcevent 
lU^ coovxMind flowing into the jar 
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Pio. 1»814.— 'Batfcry rgpmtrt if^ Small gaa atovie and ordinary coffee pot uaed for 
and pouring aealing oompound. 



V(e.l4U.->«W<»vMPrt«W. AivHcationofcoaipeiioil. Atav* pear the coopoHd* 
that it mUlU an ipMHMdiaeeh toe height level with the top of the OM. AbeieelHk 
it 1W« evenly over the whole aurtaas* 


IJSS Storage Battery 


3. Tbewiitegmy beacddeota^KtonAdedtoliieinetodftaiiMiiioikflf 
Ihe car. in whidtOM there ^1)6 a continual leak from the iMttety. If 
the car be wired on a nni ^6 wire ayatem, in ariUcfa one ride of the batt^ ii 
jbtentionaUy grounded, break thfo grounded connectioa and ahut off tiri 
liidits and tte ignition. Then teat with tile vrit meter, conaect in g one peri 
loabattery terminal, the other to the metal fiame work of the car. 
teat ahould be made with all tenninala. If the volt meter rixnr a reading ft 
iadicatea a ground in the wiring. 'When the wiring ia on tiiedouUe am 
ayaton it ia not neoeaaary to bre^ any connertiona. 



w a w fr i at. BeftM psttiac oa dw «mr riabOr baat a irftk ■ an 

AIK3 heat tiia turfue of the OQ0ipoiind4 

If a ground exiat it ahould be deared 19 b^ore the battery is put bade 
inservice. 

4. The user may operate a great deal at id{^ and Bttie in the day time, 
or be may drive in a congested district at riow qiei^, or he may mrice fie- 
goent st^. Any of these may prewsnit the battery reoeiring auSciiiat 
charge, and under these drcimistancee the user ahouid be instructed to use 
MsHlhtsasapariiiriyaspoaaiMBandor^tousetbehearHig^adieaehso- 
htiiriy necessary. In aorne caam side and tad loweir eandto power 

tiM used on the car may leniedy the conditioa. 

tf Boiri of tim preeantioitt wiU adow the batt^ to leotlvoadfflcitai 
ctaaie, tt ahoutf be given a redtaige peciodieiaffy at a asrtdto ftadoil. 



Stwtagtt Battery Repairs 
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For the foregoing tesU on the staitii^ 6ystm» a smaU funoid^ 
mter may be used; it is advisable* however* to have a ocnMiatioaiiiatnt- 
inent especially designed for automobile tesdng work, of wlikli a nimfoer 
ire on the market. 

As various starting systems differ materially in operatfon, it will be weQ 
to apply to the maiuifoctuiers of these system for dtagiams and instruc* 
tkwiB. 

5. A frequent source of battery trouble is loose or oonoded oonnectkms 
at the battery or at the dynamo. In either case the battery will not 



Vm. 1*819.— riwi» S8« Afisr ths form li fWBOViil dm is aiwayt m taaom of tiil- 
hg com p ound. ThteonboicrmdOff withalioeputtykntfS. 

leoeive the proper current on charge or ipve it out on discharge. All con- 
nections shc^* therefore, be eim^ned carefully to see that ihty are dean 
and tight. 

Tesdag Battery Bemored from Cw. — If trouble exist that is 
ciearly due to tte battery or if test on the starting system friil 
to di^ the difficulty, the battery diouM be removed frpm the 
car for repair or replacement. 


B attery Repairs 1^01 


Bftttarj TnraUes. — In order to locate the faults in battery 
troubles: 

1. Go over sU connections in the system. A loose or dirty oonnectiofi is 
often the cause of trouble. If the connections between battery cable 
terminals be not kept clean, they may corrode, causing a poor oonnectiQii# 
or dse opening the circuit altogether. If the connector be causing the 



Pko. 1.820.~*aarr«rv fWiCrv SI. Terminaia should bs thoroughly scraped clean of «U oooh 
pound and dirt. It ia practically impossible to do a good job of burning if aU parts be not 
properly cteaned. 


trouble, remove it and dean the parts thoroughly with weak ammonia. 
Then remove all dirt, apply vaseline, tighten the connections perfectly and 
give the whole connection a heavy coating of vasdine. 

Thare may be a leak or ground in the wiring. Test for this by turning 



1,|02 Storage Batierf Bep^ 


vin «n baq> twitches and tten ren»vinK tiie bulbs £tom tiw aodeetB. XMt- 
wnaect one of the caUes at die battery and in its idace ti^^ kfld a tk 
.vgainsl the battery post, maldng sore diere is food dactikal oantact 
between the file and post. Then mb the cable tominal alone tlw ^ 
qwin be nodeed, there u a ground in the wiring, ediidi must be l Oolmd 
and removed. 

3. For an automobile battery: 

M. If cogiM will not crank, turn on ligfata and attempt to atart in the tmal manner. 
If lights become dim, battoy is in poor condition and shonld be given n efamge 
off the car and the cause of trouble tovertigated and removed. If lights eontiaue 
to bum brightly, the trouble Is elsewhere than in the battery. 

k. If the dynamo of the starting lyitem be not in proper adjustment, the battBnrwiQ 
not be kept eupplied with the proper amount of currant. 



Bn. 1,821.— dlatf cry rsfwhv 44. Meihod of cleaning the inMg of connecton with ontfaiary 
pocM knife. 


If the supply be insufikient, the battery will become duefaarged; if it be 
too much, the battery will teciulre an cxcearive amount of water and die 
edudon betxnne hot (110* Fbhr.). The dynamo rimuld be readjusted 
to driiver more or le» current, as the case may tequke. On hU cars, the 
dynamo is origjnaHy adjusted to simply an amount of current vdiich 
espetienoe has elKnm to be the most satistetory for average running oonih- 
tione. If the car be run only at ni^, more current fo naturally requhed 
becwiae dm li^a use a large part d the cuimt which would otherwise go 
to die battery. If long (foylij^t runs be the rule, the oppoiite fo true 
beeanae then almost an die current goes into the battery. 

4. If the trouble seem to be in the battery, proceed as dtaaeted hi dw 
oextaectfoA. 



Suati^4 Battery Repairs 


How le Detorayiie Oia Neeesrify for Opeidi« CeU»»~4f a 
battery seena t<!> bo in troul^ and the cause be not appainait, 
it may require nothing more than prdioni^ charging to restore 
it to n(»inal ccmdition. 

T6 determine what is necessary to restore it, first take a gravity reading 
^ each cell and it practicable, n^e either the hig h rate discharge test, or« 
if the modified constant voltage system or chuyging be used, the Hg k 
rate charge test. 

If there be not enough electrolyte to float the hydrometer , add water and 



Pro. 1322.*--Aaff«fv r«jHili« 5, Dean the tofjs of the moecton i^th ■ laip fUs to leo^ 
diitaridoKide. 

put the battery on charge, continuing until the water is thoroughly mixed 
by gassing, tJaien take hydrometer readings. 

If the gravity readings of all cells be within 50 pc^ts of each other, most 
likely all the battery needs is a charge with a possible gravity adiostmeat. 
If the gravity reading of one cell differ fixrni the others by 50 points or 
mort: 


NOTSv-^^BSiitorff tmmiml miMefiMVf test all oelti with a wit nalWlo 

nairthnrbaietupi«oi»rly. Ifavdt meter is not haody scrape thanilte liiiiliiiila 
poet. T|mradtw:tiii«iepoeltiveaiidtlMhiackieiiOin^ TteooiwimQraeiimtldtwaprM 
■0 tiat fim poBltiwe of ooa caS h imeeted to tihe aesaUfO <g the iwit eia . 


1^04 
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a. Make t^iehig^ rate discharge t«8t and be guid«d by its izidkati^ 
a. If the constant volta^ system of charging be usedt make the hi|jb 
rate charge test and be guided by its indications; or 
c. Put the battery on charge. 


If all the cells gas evenly on the charge and the gravity of all of them 
teach and remain between reasonable limits^ the tronl^ is elaewbete 



yxa. 1,823.— aafftrf r«imfrt 49, Joining copDcc t ore and tenninab to the poita. Melt tM 
top of the poat, then the edges of the hole in the ccMmectcr. Melt strips of antimooioiislead 
and allow the nx>Iten metal to run into the hole in the connector. Care must be taken to 
aee tMt the top of post and inside edges of the connector are melted together befbre applying 
additional lead. If this be not done the connection will surely putt loose. Cam should also 
betakennottomelt the outer edges of the connector. Practice will be found necesmry. 

than in the battery. I/)cate the cause of trouble and remove it Other- 
wise. record all gravities outside of these limits, resume charge and oontitiue 
until three consecutive half-hourly readings of the gravity of all these cells 
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ihow no increaie for juiy of tbem. Then make a gravity adjuatnmt m 
Hbxm which 9 re more tim 10 points low or which are more thmi lOpofaiti 
Ugh and which are gassing, ^oremaki^ 
an adjustment for low gravity, determine 
whetl^ the jar be cracked by adding water 
to the proper height and allowing or jar 
to stand several hours, noting wl^ther levd 
falls. If a be cracked, change it. Niter 
make a grmty adjustment on a cell which does 
not gas. If a cell will not gas on above 
diarj^, investigate for impurities, or in- 
spect it for short circuits. 



Fta. 1124.— Aiffm iwMte /r. TMtina etectniTtA to nole cqd^^ 


NOT£.->arow toiHOMf iheoracftw. fitUmakMsmtelmsintmUneiTaiuikgvmiif. 
Todo thU, continue • chaise until the spedfic gravity shows no rise, and Voen for SmoreiKMoa. 
Nmt mekt a grosAy adjvstfnint onactU wkkk decs not gas on ciargt. Make an mternu 
tkm to locate the troifole. To nd/usi low grouty, first have rssdy sufficient electrolyte of not orac 
I 346 speafie gravity. Empty Uie solution out of the ceU or cells and at once flU wlA M 
par^ flectiolyte. Do not allow the battery to remain empty. Clwge imtil all ceOa Im^ beeii 
gassing for an hour. Thm» if the gravity be not withm proper limits hr the type m 
befog treated, repeat adfostment untfi desired gravity is obtain^. To o^na mgg 
itniora some of the ekctitSyte and replace with water. Charge until all rags have bem giiMn| 

foranhoitr. Then, if tlm gravity be not withfo proper limito,WPtotadhiiimttit Una dmlred 

gravity leobtaM. 
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teid Bindag Lead jcwts In a battenr an madte by 
llii parts to be jomed aM filming a aoM wdd. Tbe paoom 
is qdled kad burning, and is carried out by means (rf a bumlDg 
o(^. For a repair statkm, the use of gas is recommended. 
Where buroing must be dime on a job away from the station, 
the carbon burning outfit is recommended because it is easy 
to carry. 

Tarions Gas CombbuttimiB.— 'There are various good com- 
bifiations, and tte deciding fiictor is isually the relative 



Fto. 1|82S.— -Electric Stcfife Betteiy Co. juc teed burning outfit. In mm^hUm§ a mmwtt 
bntt^ etement* a negative piMe te laid down with a feparator on It, then a poeltive ptatfea, 
Mpttator, negative {date. etc. The platee are to placed that all the logi A the po eiti ve 
ptetee are on oneakle and all the luge of the negative platee are on the other eldOi A ctrip, 
ooneteting of fiat atripa of lead or alloy, having lectangular opeidnga In it df the fame 
dnnenaiona ae the croea'aection of the lug of the platea, theae openinga being apaoed to ngtetci 
with the luge, te then pieced over the plate luge of the poehive platee, and a eimflar etnp 
ie placed over the luge of the negative platee. The luge are then burned into inUgral union 
with the Btrape. 

cost and availability of the different gases in the particubr 
location in questirm. Good comlunatums am: 

1. Air and artifidal illuminatii^ gas. 

2. Air and hydrogen. 

3. Oxygen a^ rutifidal illuminating gas; 
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4. Qtynenaad natural il himiniiting gpf , 

5. Qxyga and aoetykne. 

6 . Q]q^ aid hydrogen. 

Both gates must be under aome mmm. th^ nm^mt ^ 

OMbiiiatkxi used and tha dintanca of tha aouroe of tiqjply froni tha voik* 



PIm. 1 jas.-^rdrofeii gic lenentor for lead buroina. A ooo|ipiate kad burning outfit ooo* 
fitata of the following parte; 1, hydiogen gat generator; 2, trap for deanlng the gaa and for 
fhoventing the flame getting tiadcm the generator; 3, air pump; 4, air tank; 5, bloir pipat 
6 land brnner'a nfiylng tee; 7, niitable length of Mi inch aoft rubber tuhmg. When the gen- 
cfitor la to be tiled lor lead bumiog, connect up the different parta of the apparatua np 
ifaoim. FiU the trap H full with watet and be rare to connect the gaa generator to the 
nipple on tha bo^ milked B. The atop coehiN and pr must be doaed. See that tha rtib* 
biff pitig at D, ii aaaurad in pboa. Put tha inquired amount of line in tha opening at H. 
die. 1 generator reqniini: 15 Iba. line, 9 gale.water, 3 gals, vitrol. No. 2 generaior to* 
quhna: SO Ifaa, sine, 15 gala, water. 5 gala, vitrol). After putting in the liac, add tha water 
and thna tha aulphtuie acid , mti ntU that tk$ teaWr amif te tifwaxt 1 te adll. 

NOTB^WAan nmktng fAa mnmvtion he tha hrdrQgen gm genamtor ahawa In fig. 
1,825, ba aura that than an ao low pofaita in tha hooabetwnen B and N, aa water la HaUa ta an* 
aunaitete at thaaa low piaam, whidi wiU maka tha gaa damp which ia datriinaatil to tlm bpiii-> 
lag* lfwaMrg6thitotlieUna,kiakthali(iaebetwneoFandB,detaditfaelioaaatB,indblow 
oat tha water with aftrbsrapfttiiig the cocki,N,C and V. The length of the boaa faatwaan T 
and X, imiat not be teagerttam fin feet as the coda N and C. mote aiwaya ba withia tha nachr 
of teaman who la aaini tha flame. When raachr to uaa tea flame, open N» wfaidi tekma tea 
hadfogan gm to aeaapa. liM tea aanm with a match and adjuat tee ak cock C* until tea 
deteadflama la obfdaed nDUfevant danm of work require dfifeniit flamea, whidi tm ha 
tetahiad dwiging tim tipa aid by teuyiag tea ainoimt of gm and ak with tea ooclia 14 wadi 
C. Whan tea ganewatof ja laid up for tha night, or when the chaiga la aahatiated, poll tea 
hornoffmKanddnmoff tea adutioa by inmoHag thaplog at D. Tha ganantec ilateM 
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JUr, ocygen, aoetyteae and hydrogea amy be wpidied in e ^p ew l e tHln 
underpressure. 

In aU cases, a mizixig Y or chamber of some sort must be used» together 
irith a bunung tip aiulsuflident hose to connect the varknis parts* Wheie 
mygen is employed, the mixing should be done right at the burning 



Aa. 1,827.— OjEjrgeh iiluminatins gas lead binning cwtfit. Lead bnmiiig condata of ftialat 
oomponent pa^ of the battery together by the ute of a hot Same or a white hot carbon 
pcndl. The moat widely uaed outfits using a flame are as follows: 1, iUuminating gas and 
omnpnssedair. This flame is synonyxiious with that given by the well known Bunsen bunier. 
It ia not a satisfnctory flame for lead burning; 2, hydrogen gas and co m pressed air. Where 
hydrogen can be prooired in tanka this is found to be a very eaUafsctory outfit, aa it pfo- 
dnoee a hotter flame than that of the illtuninating gaa with compressed air, and where n gieat 
iuioimtof worlciatobedoiieitaareeoonsiderabietima; 3, oxygen gaa and ShiminathiggM. 
Ihiaie Uia moet satklactory outfit, inaemnch as no compreeeed air ia required, and €oimoer» 
dal oxygen can ha obtained practical^ throughout the United States. Itlialaoniiicliinon 
aoBnomicaltbaa hydrogen and air, the oxygen eanaboteiaed for iinovingcarhofi drain 
gni angina cylinders, TIm method of this carbon removal is to blow the gaa on the carhon 
gnd touch it off with a match. The carbon and oxygen wiUiom lore aniaflaniinablaonfhen 
oxldo gaa, thus removing the carbon from the cylinder; 4, oxygen gna nad hydragm ffsa* 
tMi c on rt daa t ion is not aa oooiram i cal aa 0 Kygen.and Uhtminatiiig gaa, and the flnrea nre- 
dnoed It much hotter and tK»t ae suitable for lead btindng* 


Simrage Ba ttery Rapaixa 


%, in whkb caae tiK inixing cbmtw and buiniDK tip aie axnbi&ed into 
onai^eoe. The use of os^ien also requirea a opedal valve. 

The Bectric Storage Battery Company has devdpped outfits for 
the first two cconlnnations. The ill uminating gas outfit is iiwrignMi far 
use with ^ ordinary city gas supifiy; natural gas cannot to used. Com* 
pressed air is necessary, the pressure ranging from 5 to 10 lbs. 

Thecatbon burning outfitassbown in fig. 1^31 consists of the foHowu^ 



1,828 to 1,830. — Gould burning rack for burning plates into group. Tbe rack it adjiatv 
able for h^ht, and can be supplied with guides having proper spacing for afl bauecies 
ssaDUfiBCtuied. 


parte: Carbon holder with cable» clamp and carbon rods. It is not niGaat 
to be ined where ccmsiderable lead burning is done. The method of tiaiiif 
it for rebunung connectors is as follows: 

One temunid of a §pare 6 vdt battery is connected by a piece of caUe 
witih the connector to be burned. The cabfo can be made fast to the tatter 
hv d a damn and care diould he aaed that the surfscea are i 
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lad a BDort coBttct M»ind. Tlw cable attaclied to tteorina lhg^ 
IhcB da mp ed totheapare battery at the other tenainal. TeiiditliaaBihoa 
|b tto jdnt and hdd there; due to the floer of tiie coxfoit, it ta^ly 
pomee red uid diea white hot. By isodnK it around, ahnya Iceepbei it 
la oontact with the lead, the jdnt can be puddled. 

To stqiply lead to fill ttie joint, a lead atrip or extra coonector caa be 
anal, dm^y introducing the end into the pikidle of lead, touddid; tiw 
hit carboo. The carbon projecting paat w bolder eho^ be aBghdy 
tg p e i ad or afaatpened and ahouM project paat the holder about 1 hi.. After 



ftie joint ia made, the top caa be amoothed off by naming the eadtea 
OMritaaeoDodtime. The carboo (holder and all) ahouM be otc a ito i By 
dipped into a pail of water to keep it cool, aa othendae 11 h IjOlder and 
inaaigtion may be damaged and it will beonne ao hot aa to inm it m- 
a waferta M e to hdd. Wetting the carbon doea not afltet Oa ependkai 
lb any vay « aa it rqrktty heata up again. 

After beiag need for a abort time, it oaay be found that ortan atilliidt 

haatlMpady.duetoafihanf8Galr formed on the anilMn. 
jbedanedmF withaloBifoarffle,aaoccailoareqidica. SmefcedarftM 
Hamm ahould be need to preiact the *n)m the hMeaafoy of dm 
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Itt<ittoteav<^fl>6poa8ibitityof<^6aptodonofthega a aoii t 
siixttnd contidaed in til^ of a ceU, ^idbea 

inxk irith a gas flame or carbon burning outfit, tbf foOowfiv 
jaecautioDa ahouki be taken: 

], Tbe fimar idaaB ibould be in place, and dw «iitin liattary, with tlw 
aaoqdknofthepBrtoowhicbdiebatiiingniMratkoja to be p erfanaad, 
dmdd be oovered bjr a doth vet with water. 

2. The doth chould be pt ei ee d down upon the vents of the or 
wet waste nay be padced around and over the vents. 

3. AiargepieoeofburiaporatowdthORMa^yaoakedln waterisBidt* 
able. The wet doth is recommended for two leascms: e, it preventa tbs 
borniaa ftune or arc communicatina to the interior of the and 
a, tf an eiqplosfo n should occur, the cloth will prevent the sdution and snag 
parts behic thrown about. 

Dbeonneelii^ Celia. — ^The best method of diaoonnecting 
oella aaaembled udCh jnllar straps, for the purpose of rqdadng 
oroken jars, cleaning m: taking out of conunission, is to use n 
five-eit^ith inch tw^ drill, in a carpenter’s brace, boring down 
into the tcp of the pilar about one-quartor inch; then pull off 
the connector sleeve from the pillar. By following this method, 
parts may be used again. 

TUUng Batteries out of ComndaeioB.— Where a battery it 


cftMeIttrtefie of oonomfmfocf $ulphurh mM wm vmf 

OMflMdv IteitBBdkimlraaodor.oi^BIBPcorBBoe.aaditoiretttiMjBht.diitiQgii^ 

UqilidB. Hib pan Qoobentimted oomnerdal acid hBi a dcmity which uni«Uy rcaciiM l«848s 

TaeabKtttttdy pure acid to ?Brf«!ctfy c olorlMi,ba»iiWH^ 
omi IM OMdlto JabOfTfltortoi. hai a peiHiltor gniytoh ocdor , due to Bhgfat tiacei oi 
ter. S Wiyto aeid tof M tt ydi n i ly h yd w y ^ 
toi Itoika tot abiBipUoii <» it mwghftr ic moto tu re* 


I iMst ■»■«<*> of flielid efanitor to that of the oonnecdna aCfiiM. 1 
torn Iraitole tom tto fihaBto action doe to the oOhstact of dtotondlar laetato to 
iiw i mit a olitoii «mmm Itoa d e iteo etion of cither the oe wi ec t i ng etrip or the atontto. Mh 
WMinaMtoaniOlMIviiKiwntl^ 

dim. Ilitoy iNeB ctoffwa a ia a nfl e the dnc offlcwodiiaiwys ffod can bei 
mm and our iiM t 
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ID l)e oat of service for several sioniths, and it is not 
to|[ive it the freshening diarge every two wedcs, it dioold be 
tdM oat of conuniaaon. 



fmiB* t o l^>^4todimi.nteiiMrtle wm m itfll, A ttffl iwfcwm 
■nd iKiMf tipMriUM ftoni nw witor* Inii cmim ttlf d l K ti i t pb of IptatMiBif d bl o fia li wtod 
■Ittilo OMiMo didaiiotntkia of tbfr Ddritiwo oiotM. Thi wi ri o i it oftKiObiiMBbi liioiitt on: 
IsloraftlflcMorattiiiiigaKX. fortoacl^ for oil taMn 4# Ipt olite 
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Strang^ d ]>lloto Siilidiurtc Add 
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Dlffcrat Denddet at 59^ Fdir. 


Per cent 
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phmio Add 

Specific 
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1.842 

23 

1.167 

40 

1.806 

22 

1.150 

SI 

1^1 

21 

1.151 

80 

1.223 

20 

1.144 

20 

1.215 

19 

1.186 

SS 

1J06 

18 

1.129 

27 

1.188 

17 

1.121 

28 

1.190 

16 

1.116 

25 

1.172 

15 

1.106 

2i 

1.174 

14 

1.098 
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QmM. Describe tiie anfliod. Ot tahiag • Initeij cnri et 
esmntfasieB. 

Ans. The battery is diaiged In the usual manner, until the 
^ledfic gravity of the electrolyte of every odl hi» 8t(q)ped 
rising over a perkxi of one hour (if there be any low cdls, ^ 
to riiort circuits or other cause, they should be put in condition 
befi»e the charge is started, so that they wiU receive the hiU 
benefit of it). 

The oelli may nom be disconnected and coven and dements removed 
from the jan 0f sealed, the compound is loosened with a hot putty knile). 
The dements are placed on thdr sides with the {dates sli^tly spread apart 
at the bottom, the separaton withdrawn, and the positive and negative 
groups pulled apart. The dectrolyte a washed <€ with a gentle stream oi 
water the {dates allowed to drain and dry. The positive {dates are 
ready to be {mt away. When dry, the negatives are compietdy immersed 
hi dectndyte (of about 1.275 spedfic gravity), and allowed to soak for 
three or four houn. The jars may be u^ for this purpose. After rins^ 
and drying, they are ready to be {mt awar, wash also the rubber sepaiatars. 

Wood separaton, after having beat in service, will not stand much 
handling and had better be thrown away. If it be thought worth v^e 
to keep them, they must be immersed in water or weak electrolyte, and 
hi re-assembling, the electrolyte must be put into the cdls imm^tely, 
as wet wood sqmiatma must not stand exposed to the air. 

Qaeau What precaution ahould be takm vrith the jars? 

Ans. They should be thc»oughly cleaned witii fiperii water, 
no sediment being allowed to remain. 

Puttiiig Batteries Into Conupi8Bioii.<— When re^assembling a 
battoy, it should be treated in the same manner as if it V&e 
new tl» regular instructions fix’ assembling and putting a 
new battery into ccxnmission fdlowtti. 

Oeadiql lara.— The jars should be thcxmighly cleaned with 
fresh water, no sediment bring allowed to reaaain. 
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1 . Double Cover Batteries 

The type battery ctaistdered in this chapter to illustrate 
battery repair methods is a Qould 6 volt 81 amp«e hour ^ 
of the double cover sealed type. 

Before starting to dimnanUe a battery a sketdi should be 
made lowing the inter*ceU amnections and position of ter- 
minals .for guidance in reassembling. 



Kira. ISSlr-JhaUrw 47, The battery poet of aingle cover battery ia threaded and 

provided vrith a flange on which the cover reeta, with a soft rubber aealing gasket between* 
A lead or hard rubber nut secures the cover to the post. To remavt cover simply unscrew, 
the nuts on positive and negative post. In replacing a cover of this type the nut should be 
prevented bad^ oft hyr bmking the thread in the post, just above the nut, by means of a 
prick punch. 

2 * Single Cover Batteries 

Batteries are now constructed with single moulded covers 
with a depression , around the edge into which the sealing 
c(»npoand is poured 
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Pia. 1.838 — Mpaira 48, Sealing around poeta of single cover battery la made bf 
nieane of sealing compound. There are eetreral designs of this kind but it is in any cats 
' to remove the compound or to soften it by heating before cover can be removed. 



Fto. 1330.— -Aafferg npain 4$, A lead flange is screwed into the cover from the lower aide. 
The uisidsof this flange flts thr battery post and the outside tapers above the top of the cover 
so that when the cell connector is plac^ in position the three parts* namely— post, flange 
and connecting link— are burned together at the top. When the connecting linka are re- 
moved from both posts by drilling, the cover is free and can be lifted off. In repladng tbs 
cover on such a battery great care must be taken that the edge of the lead flange is binned 
into the joint: a new flange being used if necessary. Aside from the paints desmbed above 
repairs to a single cover battery are to be handled as before described. 


NOTE. — When cells are equipped with t<^ straps, the streps should be cut with a sharo 
knUs or Chisel midway between the cells. 

NOT£.-^ole fosffng paper. Make a thin solution of white starch and soak atripa of 
tbia white blotting paper in it, and set aside in a dean, dry fdace to dry. Dissolve H of 
potassium iodide in one pint of water. Immerse the strips in the solutian for a few seconds 
and again dry* This paper, when moistened and used in the usual way, tunis violet at the 
positive pole. 

NOTE.— 1/ Mw oetkw maforlidktlwiieiativeidatesezteidbeyondtlierftwof tbegrid 
(thetopfiaitiiigfmey. It sIkmiM be at once pressed back into place, care betog taken to present 
timidaiM drying before this la none. The most aoitabla and conveident mstM for preaiiag 
ii to place behreen the plates smooth boards of a tbicknass equal to the distance between the 
nlatea and then put the groups under pressure 
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In order to remove the etements Iran sudi cells it is only 
necessary to reinove the connecting links as prevbosly described 
and renuxve the ocRDpotuid the diaimel around the jar 
fbnned by the deixessum of the cover. The element can 
dien be removed vvith the cover attadied to the posts. 



fta. 1340 *— Method of kKkioc leal nut on Elide single cover bnttery. 

The method of removal of the cover from the element will 
upon the means by which it is attached and sealed to 
the posts. 

Tte most usual methods are shown in the accompanying cuts. 


MfYXTgJT]! pgrw ofteffeo mmiv of eortening the compound for un s wl i n g aa^ typ* U t* 
fdatttheoeUorfantlnrytnasteambcn. This consists simply of a box or oven into whkll Ihm 
Sam is inieeted at low prassaie. By so doing, the rubber parts are made somenhat pUabls 
and am likely to be cradeed in handling, especially in coM weather. Another method 

k to ita nd the ceU wi v«ry hot water, taking care that the water does not get inside of the cell. 
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TEST QUESTIONS 

1. Give a list of tools, equipment and spare parts nee^ 

essary for battery repair. 

2. What should be done on receipt of a battery? 

3. How shotdd a new battery be prepared for service? 

4. Describe the Edison battery. 

5. What should be done if a wood insulated battery has 

been shipped uncharged; what if rubber insulated? 

6. Describe method of preparing electrolyte, 

7. What precaution should be taken when mixing water 

with sulphuric acid? 

8. What kind of water should be used? 

9. Why should pure sulphuric acid not be added to a 

cell? 

10. What may be said with respect to impurities in the 

electrolyte? 

1 1 . Describe several tests for impurities. 

12. What should be the specific gravity of electrolyte in 

tropical countries? 

13. Describe how a battery should be irxsUxlled. 

14. How is a new battery installed in.a car? 

15. Ncune two ways of storing a battery. 

16. When should a battery be put in wet storage and when 

in dry storage? 

17. How is a battery tested in the car? 

18. If the gravity of electrolyte be not die same in all 

cells, what should be done? 

19 . How are faults located in a battery? 

20. How is the necessity for opening ceUs determpud? 
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21. What is t/ie proper method of cdjusting the ffaaity? 

22. Describe the process of lead burning. 

23. How is a hydrogen gas generator construckd? 

24. How should batteries be taken out of commissM 

25. What precaution should be taken with Oie jars} 

26. How are covers removed from single cell batteries? 

27. Describe at very great length how a battery is re- 

paired. 
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CHAPTER 46 


Radio Batteries 


Early in the dghteenth century, an Italian ^entist Alea- 
sandro Volta, discovered that if two dissimilar substances, such 
as zinc and carbon were placed in an acid solution, the chemical 


CURRENT FLOW 



FIG, 1— IDiutraUns construction principles of the Voltaic ceD. 

actum would accumulate electrons on the zinc rod making it 
negative with respect to the carbon, which does not react with 
the add. 



Jiadk) 


Volta also noted that if a irire johied lha ends ni £be idac 
anil carixm electrodes, outside of the liquid, a current floirad 
cohtinuousiy in the circuit from the zinc to tlM carbon. Socb a 
(te!irice is called a Voltaic Cell in honor of its inventor. 
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«eddng still further to increase the capacity of h» di»* 
ciDvery; Volta found that by jobing a large number of such o^ 
in series or parallel in the form of a battery, a 
amount of power could be obtained. 

In dealing with batteries, certain distinctions should be made 
with re^)ect to the terms used: 

A primary cell consists of a vessel containing a liquid in which 
two dissimilar metal plates are immersed. 

A battery conasts of two oc more cells joined together (in 
series or parallel) so as to form a ^gle unit 

fluid or acid solution used in a cell is termed the electrolyte 
or exciting fluid. 

A dry cell is one in which the electrolyte has been substituted 
for a paste of certain chemicals in cmnbination with ammoniuni 
chloride, * 

A storage Jbattery consists of a connected group of electro* 
chemical cells for the generation of dectrical energy in whkh 
the cells after being discharged may be restored to a charged 
condition by passing a current through them in a direction op- 
posite to the flow of current during the discharge period. 

The Dry Cell.— The dry cell or battery is used in radio 
receivers of the portable type to supply “A” and "B” power. In 
England the filament lighting battery is known as the low* 
teirdma battery usually abbreviated L.T.\ whereas the plate 
battery is termed H. T., for hi^-tension. In the United States 
the tern “A*” ami battery has found acceptani^, the 4 
battery being that used ior energizing the filaments, and tiie jB 
battay that for energizing the plate circuit 
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'the dry cell is being used in applicatkms tvfaete conadt^Ue 
jamng or motion is involved and its use in portable radios is 
on^ (me of its numerous duties. 



no. S— Croa»>Bectloii of typical dry cdl showing constmctioii. Tho dee* 
tcdyto commonly used consisto of a paato made np of ammomnm clilorido» 
manganoBO dioxide, sawduat and graphite. 


How a Dry Cell Works. — 'There is nothing mysterious about 
a dry cell or the manner in which it works. In its usual.form 
a dry cell consists of a zinc can into which are packed certain 
active chemical materials which combine with the zinc to pro- 
duce an electrical pressure or voltage. The voltage thus pro- 
duced is the result of the chemicals used and is always the same 
regardless of the size of the dry cell. A new dry cell has a 
luessure of about 1.5 volts, and this is true whetha: the dry cdl 
be a veary small one like a flashlight battery or a lai^ 6 in. 
dry cell. 
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A dry cdl is amply a padcage (tf dectridty done up in con- 
venient form. When you purchase a dry cdl, the catmnodity 
actually bought is stored up electricity and the dry cell whidi 
g;ive8 you the most dectridty for a g[iven price is the cell you 
want to use. 

The unit of quantity of dectridty is commonly known as tl^ 
ampere hour. It is the amount of dectridty which will flow 
from a battery that is ddivering one ampere for a period of cm 
hour or one-half an ampere i<x a period of two hours, etc. If 
the number of ampore hours in a dry cell be known and also the 
rate at which this dectridty was extracted from the cdl, it 
would be a simple matter to find out how long the dry cdl would 
last. To determine this, divide the ampere hour capadty of 
the dry cdl by the current which it is ddivering in amperes, and 
the result is the number of hours that the cell will last 

In practice it is almost impossible to apply this ample 
calculation to dry cells because it is very difficult to predict just 
how many ampere hours a dry cell will deliver. 

The amount of dectridty whidi is actually in a dry cdl and 
the mnount which can be obtained from it are two different 
things, and sometimes the difference is surprisingly large. 


Battery Connections.— There are three methods of connecting 
cdls to form a battery. They may be cormected: 

1. In series 

2. Inparalld 

3. In series-paralld. 
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WIG. 4— Showing three seriee connected Voltele cella. To i^tela a aerlea 
connected drcutt. tte plug pole of one cell nut be Joined with the negative 
pole of the next cell u iUutrated. 


CURRENT aOW 



FICS. S^Three Voltaic coIIb connected tn paraDeL To obtain a parallel con* 
neeted drcnlt, the plu poles are Joined together to fom one part of tin 
cbeidt and the negative poles are jidned together to fi>rm Uie other. 
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mt 

A series coimection consste in jdning the positive pde ototMi 

cdl to the native pole of the other to form a circuit. A 
series connection adds the voltage of each cell; that is, the volt- 
age of the battery will equal the sum of the voltage of each cdH. 



-I- TO 135 VOLTS LOAD 


FtG. 6-*^howtiig three series connected batteries, each battery deliver* 
ing a potential of 45 volts. A single battery or a series connected groi^ 
of batteries such as illustrated are commonly used to supply the plate volt* 
age on small portable type radio receivers. 


A parallel or multiple connection consists in connecting the 
positive terminal of one cell with the positive terminal of an- 
other cell and the negative terminal of the first cell with the 
negative terminal of the second cell. A parallel connection 
adds the amperage of each cell, that is, the amperage of the 
battery will equal the sum of the amnerage of each cell. 

A series-parallel connection insists of two series sets of cdls 
connected in parallel. The voltage of a series paralld cmi' 
nection is equal to the voltage of one cell multiidied by the 
number of cells in one battery, and the amperage is equal to 
the amperage of (me cell multip^ed by the number of batteries. 
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thus, to obtadn 6 volts from four dry cells, each of which has 
a potential of volts, a series connection will be necessary. 
If, on the other hand, only 1 ^ volts be required, butit is desir^ 
to Cotain a current flow of four times that furnished by each 
cell, a parallel connection iiould be made. 
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CHAPTER 46A 

Automotive Batteries 

The 12-voIt electrical system adopted on late model cars is 
used for two main reasons: 

1. To provide adequate electrical power to supply the in'* 
creasing number of electrical accessories used. 

2. To make available higher voltages to the ignition system 
for new high speed, high compression engines. 

The advantage of doubling the voltage may readily be com- 
prehended if it be realized that in any direct current electrical 
system the power obtained is direct proportional to the product 
of current and voltage. Thus, for example, with a 12-volt system, 
the same amount of electrical power can be delivered with half 
the amperage, because power is measured in watts, which are 
simply amperes multiplied by volts. When a generator is re- 
quired to deliver, say 600 watts, this amount of power can be 
delivered in two ways, namely 100 amperes at 6 volts or 60 
amperes at 12 volts, since in each case the power obtained will 
be the same or 600 watts. 

Because of the fact that it is the cuiTent flow in amperes that 
determines the conductor size, it follows that smaller and more 
economical wires can be used to deliver the same amount of 
power in a twelve-volt system as the much larger sizes would 
deliver in a six-volt system. 
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ih this connection it should be noted that vnth the introduo* 
tioii of the 12-vQlt electrical system num«t>U8 changes had to 
be i^de in the electrical units. Thus, for example, tlie batt«iy, 
staitfflr, generator, the various electrical motors, light bidbs, etc., 
all had to be redesigned to comply with this higho: voltage. 
The dectrical drcuits, that is, connections to tiie mdividual 
eleetrical units, will, however, be dnular in both voltage e^nstems. 
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In automobile installations, several cells are used in groatM» 
or a battery. The number of cells and their size, depends upon 
tte service required. The usual, or common assembly 
is to connect these cells in series, that is, the positive of one 
cell is connected to the negative of the next cell, and so on,, to 
the end of the row. 

Battery Capacity Rating.--The amount of electricity 
which a battoy wiU deliver within a certain time limit is 
known as its capacity or ampere-hour capacity. The 20>hour 
rate has been prescribed by the S.A.S. (Society of Automotive 
Engineers) as an accepted standard for automobile batteries. 
To measure the capacity, a battery is discharged continuously 
at the specific rate until the voltage drops too low for efiicient 
use. Thus, for example, a battery that will deliver 3.5 amperes 
for 20 hours is said to have a capacity of 70 ampere*hours. 

This measurement is of particular interest because it indicates 
what may be expected of a batt^ in the way of satisfactory 
performance. The capacity of a battery depends upon the 
amount of active material that can react with the electrolyte. 
Obviously this depends upon the thickness and design of the 
plates, hence, the number of plates is not always an accurate 
index of the capacity. 

Also, one the charactoistios of a storage battery is that 
its total ampere-hour capacity is dependent upon the rate of 
discharge. The loWm* the rate of dischaiige, tibe greater the am- 
pere-hour capacity will be; wher^, the higher the discharge 
rate, the lower will be the capadiy. Thus, a battery having a 
70 ampere-hour capacity at a 3.5 ampere discharge rate will 
mtiinarily have a capacity of over 70 ampere-hour at a low^ 
discharge rate. 
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H^parin^ Dry Charged Batteries for Service.~To pre> 
pare “dry charge" batteries for service use approved batt^> 
grade acid electrol}rte (1.265 sp. gr. at 80” F.}. Care idiould te 
exercised in its use to prevent bodily injury or damage to 
clothing or other material resulting from actual contact with 
the electrolyte. Electrolyte should be added to dry charged 
batteries in an area where water is readily available for flushing 
in case the electrolyte comes in contact with the body. 

It is strongly recommended that a person filling batteries 
with electrolyte wear glasses (preferably safety glasses) to pre- 
vent possible damage to the eyes should any spattering of the 
electrolyte occur. Proceed as follows: 

1. Remove dry charged battery from its original carton. 

2. Remove the vent plugs and discard the white restrictors 
found in the vent openings. 

8. Using a glass or acid-proof plastic funnel, fill each battery 
cell with electrolyte. Do not vse a metal funnel for filling 
ike battery. The cell is properly filled when the electrolyte 
level rises to the split ring at the bottom of the vent well. 
Do not ov^ll. In most cases some electrolyte will remain 
in the electrolyte container after the battery has beoi 
completely filled. 

4. After filling cells, wait five to ten minutes and add addi- 
tional electrolyte, if necessary, to bring the electrolyte to 
the proper level 

Battery Function.— The battery has three major functions: 

(1) It provides a. source of energy for cranking the engine. 

(2) It acts as a stabiliser to the voltage in the electrical system. 
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(S) It can for a limited time famish energy when the demands 
of tile electrical tmits in operation exceed the output of the 
fenontor. 

In ord&r for the battery to continue to function, it is necessary 
that current withdrawn from the battery be balanced by current 
input from the generator so that the battery is maintained in 
a properly charged condition. If the outgo exceeds the input 
the batt^ will become discharged so t^t it cannot aup|dy 
aufildent energy. 

The state of charge of the battery as well as the temperature 
of the electrolyte has an important bearing on its capacity for 
supplying energy. Batteiy efficiency is greatly reduc^ by de> 
creased electrol3rte temperature as it has a decided numbing 
^ect on its electrochemical action. Under high discharge such 
as cranking, battery voltage drops to lower values in cold 
temperatures than in warm temperatures. 

In extremely cold climates it is important to keep batteiks 
in a nearly full charged condition to avoid the possibiUty of 
Meeting, which will damage any battery. 

Battery Testing.— There are several different ways of test- 
ing storage batteries to determine their state of charge or to 
locate irregularities and identify batteries in worn-out condition. 

Specific Gravity Test.— It is advisable to occasionally 
check the condition of the battery electrolyte with a hydromet^ 
in order to determine whether the generating system is main- 
taining the battoy in a inropo’ state of charge. Ibis is partimi- 
lariy important during cold weather. 

The hydrometer measures the percentage of sulphuric acid 
in the battery electrolyte in terms of specific gravity. As a 
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battery drops from a charged to a discharged condition the 
acid leaves the solution and enters the plates, causing a deaWe 
in Specific gravity of the electrolyte. By measuring spedfic 
gravity of the electrolyte with a hydrometer, an indicatitai of 
the approximate state of charge of the battery is obtained. 

the spedfic gravity of the electiolyte varies not only with 
the percentage of acid in the liquid, but also with the change 
in temperature. As temperature increases, the electrolyte ex- 
pands so that the specific gravity is reduced. As temperature 
drops, the electrol]^ contracts so that the spedfic gravity 
increases. Unless these variations in specific gravity are taken 
into account, the specific gravity obtained by the hydrometer 
may not give a true indication of the state of charge of the 
bati» 7 . 

Coirection can be made for temperature by adding ,004, 
usually referred to as 4 “points of gravity,” to the hydrometer 
reading for every 10® F. that the electrolyte is above 80* F. or 
subtracting .004 for every 10* F. that the electrolyte is below 
80* F. 

If the electrolyte temperature be not too far from the 80* F. 
standard, or if only an approximate idea of the spedfic gravity 
reading he required, it will not be necessary to make the tem- 
perature correction. In this connection, it should be noted, 
that there are hydrometers available which have built in ther- 
mometer and temperature scale correeticm, which hydroiheter, 
if used, will amplify the operation cS obtaining a true ffpedfic 
gravity reading. 
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FonnolM for CaleuUfina 
Electrical PropwQee of Citcolto 



*Ia thiM Wilt two phMO drculta. iho curront in tfw cemnutn conduclw la 1.41 limoa that In aithar pbaaa 
eondvctot. 

NOTATIQM 

«M a -fewer laelard lead ea-VelkelHadtaf Md 

t»VoHt1WN > e m c eiMh w iBW IwUeaeiiranlMiaMai 

•wVolaiaiMuael S-laNfeiMeindiMlamiifetl 

BL-lfbetanar el Molar da^a-l-oida 

•r-Vefe d laeMvtiMf M)d X*lMOlMio in alow M aouad 

Wham dotibit ilBni. tuch M q: or ft Mt ihoam. iiw vvpw OM lor laggtea «id towar ona for 1^^ 

powar iacior. 
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Tables BJtd D&tSL 


WXRB TABLEt STANlSAltD AKNEALED COPPER 
American Wire Gauge (B. As S J English Units 


Cbmt 

HoT 

Diim- 

«toria 

nilltat 

2 <ro 

OroBaoetMOfttSO^ 

Obaa par 1000 fa«i 

Circular 

aaila 

Sq. incliaa 

<3rJ7) 

2crc 

(68*F) 

SOV 

(123*F) 

71*0 

(wrF). 

«100 

460.0 

811600 

0 1662 

0.04516 

0.04901 

0.05479 

0.05981 

€0O 

409.6 


1318 

.05695 

.06180 


.07510 

ss 

864.6 

133100 

.1045 

07181 

.07793 

.08712 

.09470 

s 

884.9 


.06289 

.09055 

09827 

.1099 

.1191 

1 

289.3 

83690 

.06573 

.1142 

.1239 

.1385 

.1507 

s 

857 6 

66370 

.05213 

.1440 

.1563 

.1747 

.1900 

s 

839.4 

52640 

04134 

.1816 

1970 

.2203 

.2390 

4 

804.8 

41740 

.03276 


.2485 

.2778 

.3022 

f 

181.9 

83100 

.02600 

.2887 

.3133 

.3302 

.3810 

6 

162.0 

6Tiv7?i^^B 

.02062 

.3640 

.3951 

.4416 

.4801 

7 

144.8 


01635 

.4590 

.4983 

.5569 

.6060 

8 

1281 

16510 

01297 

.5788 

.6282 

.7023 

.7640 

S 

114.4 

18090 

01026 

.7299 

.7921 

.8855 

.9633 

IS 

101.9 

10380 

.008155 

.9203 

9989 

1.117 

1.215 

11 

90.74 

8234 

.006467 

1.161 

1.260 

1.408 


IS 

60.81 

6530 

005129 

1 463 

1.588 

1.775 


IS 

EUTI 

6178 

.004067 

1.845 

2.003 

2.239 


14 

64.06 

4107 

.003225 

2.327 

2.525. 

3 823 

■jQiS 

U 

67.07 

8257 

008558 

2.934 

3 184 

3.560 


16 


3583 

002028 

3.700 

4 016 

4.469 


17 

45.26 

2046 

001609 

4 666 

5.064 

6.660 


16 

40.30 

1624 

.001276 

5.883 

6 385 

7.138 


19 

86.89 

1288 

.001012 

7.418 

8.051 

9.001 

9.79S 

S9 

81.96 

1022 

.0008023 

9.355 

10.15 

11 35 


SI 

28.46 

810.1 

.0006363 

11 80 


14.31 


82 

25 35 

642.4 

.0005046 

14 87 

16.14 

18.05 


88 

22 57 


.0004002 

18.76 

20.36 

22.76 


SI 

20.10 

404.0 

.0003173 

23.65 

25.67 

28.70 

31.22 

SI 

17 90 

820.4 

.0002517 

20.82 

83.37 

36.18 

39.80 

86 

15 94 

254.1 

0001996 

37 61 

40.81 

45.63 

49.64 

87 

14 20 

201.6 

.0001583 

47.42 

51.47 

57.53 

68.69 

88 

12 64 

159.8 

.0001255 

59.80 

84 90 

72.55 

78.98 

89 

ii.sr 

126.7 

.00009953 

75.40 

81.83 

91. a 

99 JS 

86 

10 03 

100.6 

.00007894 

95.08 

103.2 

115 4 


81 

8 928 

79.70 

00005260 

119.9 

130.1 

145 5 


88 


63.21 

00004964 

151.2 

164 1 

183 4 


88 

7.080 

KTIT] 

00003937 

190 0 

206 9 

231.3 


H 

6.305 

89.75 

.00003122 

240.4 

260.9 

291.7 

817.3 

U 

6 615 

81.62 

-.00002476 

303.1 

329.0 

387.8 

400.1 

86 

6,000 

'f VI 

.00001964 

382.2 

414 8 

463.7 

S04.5 

87 

4.453 



482 0 

523.1 

384.0 


86 

8.965 


.00001235 

607.8 

659.6 

737.4 

802.8 

69 

8.681 

12.47 

.000009793 

766.4 

831.8 

929.8 

lots 

66 

8.145 

9.688 

.900007766 

966.8 

1019 


1870 


tl 









































Tables and Data 


ALLOWABLE CURRENT-CAERE. 
INC CAPACITIES OF CONDUCTORS 
IN AMPERES 
Single Conductor in Fxet Air 

IBiuiQd on Room Tempersture of 30 C. 86 F.) 



Rubber 


Tbermo* 




Slow* 


Type R 

w 

TyptRU 

Rub* 

plastto 

ABbeetci 

Type T A 

. A*- 
bestoe 

xmpref- 

natM 


Burn- 

J®* 

VAr-Cam 

TypeV 

bmtM 

Tjffs 

04-8) 

^pe 

Type 

(14-6) 

ber 

HSF 

Cam 



Tbermo- 
Dlutle 
Type T 

W 




Asbeitoe 

Vsr-CAffl 

er^roef 



ivg 


AU 




IS 


iS 

6 

jo 

u 

• 38 

ss 

n 

n 

SI 


lU 

IS 

! 

! 

ss 

165 

m 

100 

135 

ilo 

210 

120^ 

iSS 

ilS 

125 

170 

195 

225 

265 

135 

180 

210 

240 

280 

iSS 

m 

205 

og 

195 

230 

345 

285 

305 

325 

i?s' 

S25 

265 

285 

330 

til 

370 

000 

260 

310 

330 

385 

430 

ifg 

oooo 

300 

360 

385 

445 

475 

610 

350 

300 

1^ 

405 

445 

SM 

555 

630 

690 


410 

sss 



605 

530 

SiS 

765 

6^ 


400 

5G0 


645 

620 

575 

660 

710 

815 


m 

600 

700 

Slg 

600 

755 

740 

815 


910 

1005 


IIS 

750 

$00 

900 

655 

6(10 

7J0 

IfS 

870 

845 

880 

940 

1020 

1045 

1085 


IS 

905 

1000 

780 

690 

935 

1000 

1165 

1240 


965 

1350 

1065 

1130 


• • • • 


• • p 

1500 

980 

1175 

1260 

14W 

• • * p 


1215 

8000 

1070 

1155 

iiSS 

1370 

1470 

1715 

*••• 


1405 



m 






















































Tai^es and Data 


ALLOWABLE CURREHT>CASRr- 
INQ CAPACITIES OP CONDUCTORS 
IN AMPERES 


Not More Then Three Conductors in Receiviiy or CeUo 

(Bised oa Room ttaporstiiro of 80 0* 80 F.> 



IV 


























FULL*LOAD CURRENT* 
IRrect-CniTmt Moton 


HP 

115V 

830V 

650V 


ij i 

! 

!.2 

i;i 

liS 

V* 

8 

S :« 

6.3 

8.6 

2:1 

il« 

8 

m 

m 

8:1 

8 

118 

m 

8 

8:* 

80 

2 

i 

18 

i 

8- ' 

.8 

Hi 

18 


■H 



718 

SOi 


*Theie vaJoci for full loiid cuireat are averoKe for all tpceSC 


FULL-LOAD CURRENT^ 
Sing^Phoie A.C. Moton 


HP 

1 1 

830V 

410V 

1 

I** 

J 

13 


II 


r 

8 

.4 



8“ 

56 

80 

100 


'f. 

22: 


For fiilMoad currontg of 208 acd 2(KKvolt mofoim increue oor- 
tetvon^siil 230-volt motor fitU4oad cumut by 10 and 15 per 


^BCPta TEspcctivcIy* 

^Tliete >^ties of full-load 


etment aro for motora maniftf at 
apoe^' itsMal lior 'telt^ motors and motors with normal toroim 
tlmracteristies. Kotors built for espedally low speeds or 
torques may raiuire more ruanhiff current. In wmch case the 
nameplate current ratinp Aould he ^ 


V 






























Tables aad Data 


Fnll-Loftd Currciit^ 
Two-Phase A.C Motors (4-wirc) 



Indaction Type 

Squlml-Cage kod Wound Rotor 
Amperes 

Synchronous Tjrpe 
tlTnity Power Factor 
Amperss 

HP 

nov 

220V 

440V 

550V 

2300V 

220V 

440V 

550V 

2300V 

H 

4 

2 

n 

.8 






H 

4.8 

2.4 

Kil 

mm 






1 

6.4 

3.2 

1.6 

1.3 






IH 

BS 

Bl 

2.2 

1.8 






2 

11.2 


2.8 

2.2 






3 


■i 

4 

3.2 






5 


13 

7 

6 








19 

9 

8 






to 


24 

12 

10 






15 


34 

17 

14 






20 


45 

23 

18 






25 


55 

28 

22 


47 

24 

19 

4.7 

30 


67 

34 

27 

7.5 

56 

29 

23 

5.7 

40 


88 

44 

35 

9 

75 

37 

31 

7 

50 


108 

54 

43 

11 

94 

47 

58 

5 

60 


129 

65 

52 

13 

111 

56 

44 

In 

75 


158 

79 

63 

16 

140 

70 

57 

In 

100 


212 

106 

85 

21 

182 

93 

74 

m 

125 


268 

134 

108 

26 

228 

m 

93 

22 

150 


311 

155 

124 

31 


IfiM 

no 

26 

■ 

1 

415 


166 

41 


m 

145 

35 



I ^ flgarci ihoold be multl^llsd by 1.1 sad I^SS 


VI 




















































and Data 


Foll-IfMd Current* 
Three-Phase A.C. Motors 



Induction IVpe 

Squiml-Ca^e and Wound Eotor 
Amperes 

S^chronous Type 
tUnity Power Factor 
Amperes 

HP 

llOV 

220V 

440V 

560V 

2300V 

220V 

440V 

MOV 

2300V 


4 

2 

1 

.8 







5.6 

2.8 

1.4 

1.1 






1 

7 

3.5 

1.8 

■a 


H 

B 

B 


IH 

10 

5 

2.5 

2.0 


B 

B 

B 


2 

13 

6.5 

3.3 

2.6 






3 


9 

4.5 

4 


H 

B 

Bl 


" 5 


15 

mm 

6 


B 

B 

B 


7H 


22 

BH 

9 






10 


27 

la 

11 


B 

H 

B 


15 


40 

20 

16 






20 


52 

26 

21 






25 


64 

32 

26 

7 

54 

27 

22 

5.4 

30 


78 

39 

31 

8.5 

65 

33 

26 

6.5 

40 


104 

52 

41 

mssm 

86 

43 

35 

8 

50 


125 

63 

50 

13 

108 

54 

44 

10 

60 


150 

75 

lEll 

16 

128 

64 

51 

12 

76 


185 

93 

74 

19 

161 

81 

65 

15 

100 


246 

123 

98 

25 

211 

106 

85 

20 

125 


310 

155 

124 

31 

264 

132 

106 

25 

150 


360 

180 

144 

37 


158 

127 

30 



480 

240 

192 

48 


210 

168 

40 


Pot fulMoad currents of 208 and 200-volt motors* increase the correspondiiif 
220-volt motor full-lcmd current by 0 «»d 10 per cent, respwtively. t 

•These values of full-load current are for motors running at speeds estml yw 
belted motors and motors with nornuU torque characteristics. Motors bu»lt tor 
especially low speeds or high torques may require more running current, in wnica 
case the nameplate current rating should be used. j , i 

tFor 90 and 80 per Coot P F. the above figures should be multiplied by 1.1 and 
3, as respectively. 
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Tables and Data 


Number of Conductore in Conduit or Tubing 
Rubber Covered , ^m RF.2. RFH;2, R, RH. RHH, RHW, RW, 
RH-RW, RU, RUH. and RUW 


Thermwlastic, Types TF, T and TW 
One to Nine Gmductors 



•Where a fervloe run of conduit or electrical metaUlc tubing doe« not e a cee d 
50 ftet bi length and does not contain more than the eciulvalent of two quarter 
beoda hrom end to end two No. 4 ineulated and one No. 4 bare conductor* mar 
be Installed In l*inch conduit or tubing. 


vm 





































































TsMen and Data 


Useful Information 


To find tha drcumference of a drde. multiply the diameter by S.141d. 

To find the diameter of a circle, multiply the drcumfereuee by .31831* 

To find the area of a circle, multiply the square of the diameter 
by .7854. 

The radius of a circle X 6<28318S « the circumference. 

The square of the circumference of a circle X .07958 the area. 

Half the circumference of a circle X half its diameter the area. 

The ciroamference of a circle X .159155 » the radius. , 

The square root of the area of a circle X .56419 -■ the radius. 

The square root of the area of a circle X 1.12838 the diameter. 

^ To find tha diameter of a circle equal in area to a given square, mul- 
tiply a side of the square by 1.12838. 

To find the side of a square equal in area to a given circle, multiply 
Uie diameter by .8862* 

To find the side of a square inscribed in a circle, multiply the diameter 
by .7071. 

To find the side of a hexagon inscribed in a circle, multiply the diam- 
of the circle by .500. 

To find the diameter of a circle inscribed in a hexagon, multiply a 
side of the hexagon by 1.7321. 

To find the side of an equilateral triangle inscribed in a circle, mul- 
tiply the diameter of the crae by .866. 

To find the diameter of a circle inscribed in an equilateral triangle, 
mulUply a aide of the triangle by .57735. 

To find the area of the surface of a ball (sphere), multiply the square 
of the diameter by 3.1416. 

To find the volume of a ball (sphere), multiply the cube of the diam* 
eterby.S236. 

Doubliiig the diameter of a pipe increases its capacity four times. 

To find the pressiire in pounds per square inch at the base of aoohima 
of water, multiply the height of the omumn in feet by .433. 

A gallon of water (U. S. Standard) weighs 8.336 pounds and contains 
231 caikic kudm, A cwk foot of water contains gallons, 1728 culiio 
indb^ and weli^ 62.425 pounds at a temperature m about 39* F, 

Ttad welghte change sbgbtly above and bebw this temiwialaraa 



TaM^ md Daia 


In accordance witn tbe standard practice approved, by the American 
Standards Association, the ratio 2S.4 mm «> 1 inch is used for convert* 
ing millimeters to inches. This factor varies only two millioiiths of an 
inSb from the more exact factor 25.40005 mm, a difference so small as to 
^ negligible for industrial length measurements. 

Metric Measures 

The metric unit of lef^th is the meter » 39.57 inches. 

The metric unit of weight is the gram « 15.432 grains. 

The following prefixes are used for sub-divisions and multiples: 
Milli * tsVjit. Cent! « Deci - Heclo * 100, Kilo 

1000, Myria « 10.000. 


Metric and English Equivalent Measures 

MEASURES OF LENGTH 

Metric English 

1 meter 39.37 inches, or 3.28083 feet, or. 1.09361 yards 

.3048 meter ■■ 1 foot 

1 centimeter « .3937 inch 

2.54 centimeters •• 1 inch 

1 millimeter » .03937 inch, or nearly 1-25 inch 
25.4 millimeters « 1 inch 
1 kilometer » 1093.61 yards, or 0.62137 mile 


Metric 
1 gram 
.0648 gram 
28.35 grams 
1 kilogram 
•4536 kilogram 

1 metric ton 
1000 kilograms 

1.016 metric tons 
1016 kilograms 


MEASURES OF WEIGHT 

English 
» 15.432 grains 

1 grain 

» 1 ounce avoirdupois 

« 2.20 16 pounds 


1 pound 

( .9812 ton of 2210 pounds 
19.^ cwt. 

2201.6 pounds 

1 ton of 2210 pounds 


MEASURES OF CAPACITY 


Metric 


1 liter ( « 1 cubic decimeter) 


28.317 liters 
3.785 liters 
4.$43 liters 


English 

61.023 cubic inches 
, .0.3.331 cubic foot 
.2612 gal. (American) 

2.202 11^. of water at 62* F. 
1 cubic foot 
1 gallon (American) 

1 gallon (Imperial) 


Tables mid Data 


Kn g lUh Gonfttraion TaU» 


L&n§(k 



X 

.0883 

feet 

Indiet 

X 

.077$ 

• yards 


X 

.OOOOKTS- mile 

Feit 

X 

.8833 

■■ yards 

Fto 

X 

.000J804 

* qaiks 

Yu^ 

X 

38.00 

inches 

Ytfdf 

X 

3.00 

■■ fert 

Yftnif 

X 

.0005881 

» miles 

Mikf 

X 

83380.00 

» inches 

Mikf 

X 

3280.00 

feet 

MOei 

X 

1780.00 

» yards 

Cifcumference of cirde 

X 

.3188 

• diameter 

Diameter of circle 

X 

3.1418 

m circumference 

ilfM 

Square inches 

X 

.00804 

m square feet 

Square inches 

X 

.0007718 

« square ^ards 

Square feet 

X 

144.00 

■B square inches 

Square feet 

X 

.11111 

square yards 

Square yards 

X 

1208.00 

■> squase inches 

S(|uaie yards 

X 

0.00 

square feet 

Dia. of circle squared 

X 

.7854 

area 

Dia. of sphere squared 

X 

3.1418 

■> surface 

Velum 

Cubic inches 

X 

.0005787 

« cubic feet 

Cubic inches 

X 

. 00002148 ■■ cubic yards 

Cubic inches 

X 

.004320 

U. S. gallons 

Cubic feet 

X 

1728.00 

» cubic inches 

Cubic feet 

X 

.08704 

« cubic yards 

CttUefeet 

X 

7.4805 

* U. 8. gallons 

Cubic yards 

X 

48858.00 

cubic inches 

Cubic yards 

Dia. of sphere cubed 

X 

27.00 

■i cubic feet 

X 

.5288 

m volume 

Weight 

Grains (avoirdupois) 

X 

.002288 

m ounces 

CNmoes (avoirdupois) 

X 

.0825 

pounds 

Ounces (avoirdupow) 

X 

.0000S1U« tons 

Pounds (avoirdupois) 

X 

18.00 

■B ounces 

Pounds (avoirdupoisi 

X 

.01 

m hundredweii^t 

Pounds (avoirdupois) 
Tons (avoirdupois) 

X 

.0005 

«■ tons 

X 

82000 00 

BB ounces 

Tens (avoirdupois) 

X 

2000.00 

m pounds 


TsblBB wd 


' 

English CioiiTmioii T^ble 


Bnergy 
Soneiiower 
B. t. u. 

Tod of refrigeration 
Pressure 

Kbs. per sq. in. 

Ft .of water (S0**F,) 
Ins. of water (60®F.) 
tbs. per sq. in. 
libs, per sq. in. 

Ins. of Hg (60T.) 

Power 

Horsepower 

Watts 

Horsepower 


>< 8S000. Mft-lbs. per nuii* 

X 778.«6 •tft.^be. 

X S(K). «>B. t u. per ttio. 


X 

X 

X 

X 

X 

X 


£.31 « ft.ofwaler(eO®F.) 

.438 »» lbs. per sq. in. 

.0331 K lbs. per sq. in* 

£7.70 ■» ins. of water (30*F.) 

2.041 » ins.ofHg. (30^.) 

.490 a lbs. per sq. m. 


X 743. ■- watts 

X .001341 o* horsepower 

X 42.4 « B. t. u. per nun. 


WcJor Factors (at point of greatest den^ty*-39.2^F) 


Miners inch (of water) X 

Cubic inches (of water) X 

Cubic inches (of water) X 

Cubic inches (of water) X 

Cubic inches (of water) X 

Cubic feet (of water) X 

Cubic feet (of water) X 

Cubic feet (of water) X 

Cubic feet (of water) X 

Cubic foot of ice X 

Ounces (of water) X 

Pounds (of water) X 

Pounds (of water) X 

Pounds (of water) X 

Pounds (of water) X 

Tons (of water) ' X 

Tons (of water) X 

Tons (of water) X 

U. S. gallons X 

U. S. gallons X 

U. S. gallons X 

U. S. gallons X 

U. S. gallons X 


English gallons (Imperial) X 
English gallons (Imperial) X 
English gallons (Imperial) X 
English gallons (Imperial) X 
En^ish gallons (Imperial) X 


8.973 

» U. S .gals, per inia, 

.57798 

m ounces 

.033124 

» pounds 

.004329 

.003307 

IJ. S. gallons 
n Englisn gallons 

32.425 

a> pounds 

.08121 

a tons 

7.4805 

3.232 

a U. S. gallons 

B English gallons 

57.2 

B pounds 

1.73 

B cubic inches 

23.38 

B cubic inches 

.01302 

B cubic feet 

.1198 

B U. S. gallons 

.0998 

B English gallons 

32,04 

B cubic feet 

239.3 

B U. S. gallons 

199.3 

231.00 

B Engli^ gallons 

B cubic inch^ 

.13338 

8.345 

B cubic feet 

B pounds 

B English gallons 

.8327 

3.785 

B Miters 

277.41 

B cubic inches 

.1305 

B cubic feet 

10.02 

B pounds 

B U. S. gallons 

1.201 

4.543 

B liters 




7Vi6fe««fici Data 


MSlimetert 

Millimeter« 

CentiHieteri 

Ctattmeteri 

Meters 

JMlCun 

Meters 

Kilometers 

Kilometers 

Kilometers 


ilrss 

5q. Millimeters 
Sq. Millimeters 
Sq. Centimeters 
Sq. Centimeters 
Sq« Meters 
Sq. Kilometers 
Hectares 


TVimis 

Cu. Centimeters 

Cu. Centimeters 

Cu. Centimeters 

Cu. Meters 

Cu. Meters 

Cu. Meters 

Litres 

Litres 

Litres 

Litres 

Litres 

Hectolitres 

Hectolitres 

Hectolitres 

Hectolitres 




Grams 

CrenM 

Grams (water) 
Grains 


Kao-d^rsflss 


Metric GoHveraion Table 


X 

+ 

X 

+ 

X 

X 

X 

X 

X 


.03937 

25.4 

.3937 

2.54 

39.37 

3.281 

1.0936 

.6214 

1.6093 

3280.8 


« inches 
-■ inches 

* inches 
*■ inches 

- inches (Act. Cong.1 

• feet 


»■ yards 
i- miles 
^ miles 
- feet 


X .00155 - sq. in. 

645.2 - sq. in. 

X .155 -isq.in. 

+ 6,452 ■■ sq. in. 

X 10.764 -sq.ft. 

X 247.1 — acres 

X 2.471 - acres 


+ 

16.387 

+ 

3.69 

4 - 

29.57 

X 

35.314 

X 

1.308 

X 

264.2 

X 

61.023 

X 

33.82 

X 

.2642 

4 - 

3.785 

4 - 

28.317 

X 

3.531 

X 

2.838 

X 

.1308 

X 

26.42 


cu. in. 


fl. drs. (U.S.P.) 
fl. oz. (U.S.P.) 
cu. ft. 


cu. yards 
gals. (231 cu. in.) 
cu. in. (Act. Cong.) 
fl.oz.(U.S.P.)^ 
gals. (231 cu. in.) 
gals. (231 cu. in.) 
cu. ft. 


cu. ft. 

bu. (2150.42 cu. ui.) 
cu. yds. 

gals. (231 cu. in.) 


X 15.432 

-I- 981. 

+ 29.57 

4- 28.35 

X 2.2046 


mins (Act. Cong.) 

dynes 

8. oz. 

oz, avoirdupois 


TaMe$ md DatM 


Metric Conversion Table (Cont«; 

Weight 




Ktlo-gjams 

X 

3S.27 

oz. avoirdupoia 

Kilo*grams 

X 

.0011023 

■> tons (2000 Iba.) 

Tonneau (Metric ton) 

X 

1.1023 

« tons (2000 Ibai) 

Tonneau (Metric ton) 

X 

2204.6 

>* lbs. 

Unit Weight 




Grama per cu. cent. 

+ 

S7.C6 

m lbs. per eu. in. 

Kilo per meter 

X 

.«7« 

»■ lbs. per ft. 

Kilo per cu. meter 

X 

.00243 

lbs. per cu. ft. 

Kilo per Cheval 

X 


lbs. per h. p. 

Grams per liter 

X 

.00343 

» lbs. per cu. ft. 


PnssuH 


Ktlo-grams per sq. cm. 

X 

14.223 

n lbs. per sq. in. 

Kilo-grams per so. cm. 

X 

32.843 

« ft. of water (OOT.) 

Atmospheres (international) X 

14.090 

lbs. per sq. in 


Energy 

Joule 

X 

.7370 

« ft. IBs. 

Kilo-gram meters 

X 

7.833 

« ft. lbs. 


Power 
Cheval vapeur 

X 

.0803 

- h. p. 

Kilo-watts 

X 

1.341 

- h. p. 

Watts 


740. 

- h. p. 

Watts 

X 

.7373 

o ft. lbs. per sec 


Mieeellanioue 
Kilogram calorie 

X 

3.908 

» B. t. u. 

Standard gravity 
(Sea level 45* lat.) 
Frigories/br. (French) 

H- 

080.605 

*■ centimeters per aee» 

♦ 

8023.0 

per sec. 

« Tons refrigeratioii 


TaJjlea md D«ia 


Hit kXMtnz poses show tespperatufcs cm FidicehlMlt and CenUende 

Eqnii^lent Temperature Readings for Fahrenlielt 
and Centigrade Scales 

















TabiM and Data 




















